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Abstract 
SAMUEL ZILKE 
Under the supervision of Professor R. C. Kinch 
This project was undertaken as a part of a scheme to work out 
the ecological life histories of plants in North America. Cirsium 
arvense ( L.) Scop. , "Canada thistle", the species studied, is a widel� 
distributed, hard-to-control weed. 
This_ study was carried on in the field, greenhouse, and labora­
tory, simultaneously, to determine the effect of environmental factorf 
in isolation or in combination, on the germination of the seed and thE 
early stages of development of the seedling. 
The seed was found to imbibe and lose water readily. 
In the laboratory the germination of the seed on paper substrai 
was investigated at regimes of constant (4 to 30° C.) and alternating 
temperatures (1 to 52° C.) of various durations and sequences. The 
alternating regimes had durations from 2 hours to several weeks and 
periodicities of one interchange of temperature during the entire tesi 
period to two changes every 24 hours. At constant temperatures of 4, 
15, and 20° C. germination was less than 5 per cent on blue blotting 
paper while at 25 and 30° C. it was 35 and 80 per cent, respectively, 
for 2-year-old seed but markedly less for fresher seed. At alternatir 
temperatures with regular periodicities synchronised with a solar day 
the germination of 2-year-old seed was low at 15 - 20° C. and 
25 - 40 ° C. but exceeded 80 per cent at 15 - 30° C. and 20 - 30° C. 
Pretreatments by heat, irradiation (white, red, and infrared), 
cold (1 to 3° C.) , moistening followed by drying and remoistening, and 
combination of cold and light all induced germination at 20° C. In tb 
case of heat and irradiation, treatments longer than 24 hours at tem­
peratures up to 35° C. induced the greater germination. The sproutin8 
of the fresher seed was generally less for all types of pretreatments. 
These experiments tend to show that induction of germination must firs 
take place which can be termed "conditioning" which the:p is subse­
quently followed by.the development of the seedling, the "process" of 
germination. 
It was found in the investigation of oxygen requirements for 
germination of light-treated seed at room temperature that germination 
exceeded 70 per cent at oxygen concentrations of 3 to 85 per cent when 
carbon dioxide concentrations varied from 1 per cent to a magnitude 
which was less than 4 times as great as the oxygen concentration. 
1I1l1e germination of seed, untreated and pretreated wJh light 
or cold and light, in soil was investigated at some of the temperature 
regimes tested with paper substrate, with moisture content of 5 to 25 
per cent. At moisture contents of 10 to 25. per cent germination 
resembled that on paper substrate. 
Drying and remoistening of 2-year-old seed on paper and of seed 
in secondary dormancy in soil induced more than 35 per cent germinatio 
Germination of untreated seed at room temperature was low but 
extensive at greenhouse temperatures. The summation of the 
temperature-time values of temperatures prevalent in the greenhouse ir 
sum.mer and fall was equivalent to the alternating 20 - 30° C. 
In the field, untreated and cold-and-light treated seed was 
planted, approximately every 2 weeks at 4 sites throughout the season, 
The temperature regimes at the 1/�-inch level favorable to germinatio1 
occurred in May, June and September. Germination took place when 
moisture content exceeded the wilting point and·was generally less thi 
one third cf that in the laboratory and greenhouse. The general 
results resembled those gotten by Chepil, 1946, in Saskatchewan, Cana< 
The seed is thermoperiodic which decreases in degree with age 
when stored dry at room temperature. 
The extent of elongation of the hypocotyl allows emergence on� 
from comparatively shallow depths; consequently, thermoperiodicity wi: 
allow germination to be induced only when at shallow depths where 
diurnal temperature oscillations are wide. 
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INTRODUCTION 
This project was undertaken to enlarge present meager knowle< 
of ecological life histories of weedy plant species. While working 
one particular species, one might devise methods which could be usec 
research on similar species that occur on the North American centra: 
plains area. One of the important phases of a life history of a spe 
cies is the germination of the seed. Another phase is the developme 
of the seedling. These two are the more critical of the stages int 
establishment of a plant species, particularly a perennial. Cirsiun 
arvense (L.) Scop., "Canada thistle", the species studied is a wide] 
distributed, hard-to-control weed. This small-seeded type of herba­
ceous perennial would be an example of the success of establishment 
that form and type of plant in a semihumid area. The environment pl 
an important role in the germination of the seed1 and the developmen 
of the seedling. In these two processes there is an interaction of 
hereditary mechanisms of the species with single environmental facto 
as well as the integrated effects of these factors. The better unde 
standing of these processes was one of the main objectives of the 
study. 
1The seed of C. arvense is enclosed in a type of fruit called achene 
but the whole-fruit acts as a dispersal unit. The term seed will be 
used throughout this discussion whether the reference is to the ache 
or to the seed. 
I ' 
REVIEW OF LITERATURE 
Studies in the physiology of germination of the seed of C. 
arvense showed that it had considerable variation. The germinatio1 
varied with ag�, type of storage, and kind of temperat�e while k, 
going a germination test. Hayden (27) found that in towa freshly-
collected seed germinated 95 per cent in sterilized soil in the gr, 
house in August. Korsmo ( 31) found that in Ncirway, fre
.
·shiy-harves· 
seed germinated as high as 90 per cent at room temperature in one· 
but only 10 per cent in another. Hayden reported that seed stored 
for 2 years germinated an average of 50 per cent in Febr�nry in st, 
lized soil in the greenhouse and less than 43 per cent .in August. 
Korsmo found that seed in dry storage for 4 and 5 years germinated 
per cent, but seed stored in soil from 1 to 4 years germinatkd 38 
52 per cent. Goss ( 25) reported that seed was viable for 
1
a period 
20 years when buried in soil at a depth of 42 inches. 
Observations in the field reported by Hansen (26) in the Wa 
ington, D. C. , area indicated that seed may germinate any time durJ 
the growing season. Detmers (16 ) noticed that in Ohio there was s, 
germi�ation in late summer and fall. Peterson and Lund (35) repor 
that, when freshly-harvested and 1-year-old ( dry s,torage) s�ed was 
planted in the fall, the 1-year-old had the greater germination in 
spring. Korsmo found that fall-planted seed germinated 261 per cen­
a m�nth compared to 10 per cent for the spring-planted lseed. The 
mination of the seed planted at various depths, varied with ihe de-
I I 
One cm . was the optimum depth for germination and emergence. Emer1 
of seedlings did not exceed a depth of 6 cm. One week longer was 
required for seedlings to emerge from seeds at a depth of 5 cm. thi 
2. 5 cm. 
The primary requirement for the germination of seed is knoWJ 
be permeability to water (33) . Impermeability to water because of 
ious types of anatomical and structurial devices, as wel� as(combi1 
tions of anatomy and chemical composition serve as' a means of pres• 
ing embryonic material in the soil. Seeds of such species as� 
I 
icarpos orbiculatus Moench have been shown to require 3 to 4 month: 
25° C. in a moist substrate for the disintegration of the seed co� 
(21) . When this was followed by 5 months at 10° C. for after-ripe1 
a high degree of germination resulted (21) . The dormancy of Melil1 
alba Desr. seed was broken and the hard seed coat ma�e permeable b: 
shaking for 20 minutes (5) . The seed coat of Gleditsi'a triacantho: 
was made permeable by treatment with absolute alcohol (5) . The vu. 
nerable region of the seed coat affected by alcohol or shaking was 
thr hilum (5) . Seeds of rosaceous forms, such as Arctostachylos' 
uva-ursi (L.) Spreng. , have been reported to have a hard seed coat 
I ' 
bined with a dormant embryo (24) . The softening of th� s1ed coat; 
microbial activity has resulted in permeability. This must then h: 
been followed by a period of suitable environmental conditions whi, 
reduceadormancy and allowed the seed to germinate. ,· 
, Another requirement for germination of seed which is of equt 
importance with the absorption of water is a certain magnitude oft 
per_ature for seed in a quiescent state . Seed that has lost its do1 
mancy while in the dormant state has somewhat different te�perature 
I 
requ�rements. Investigations have shown that temperatures, most ft 
I 
able for germination, vary for seed of various·species and ages (5� 
I I 
At least one alternation of temperature is required for germinatior 
a large number of species and a daily alternation of temperktures j 
required for many other species (52). The seed of manf sp�cies haf 
been found ·to germinate poorly at constant temperatures. These san 
I 
seeds, however, germinate extensively at altern�tiqg temperatures ( 
Seeds, freshly harvested, when placed in a germinator at ten 
peratures generally suitable for germination of that species are m€ 
I 
times found to be dormant. However, in the case of some c�ltivatec 
I 
species this dormancy breaks down ·within a few weeks when in dry s1 
age at room t�mperature (13) . Many of the non-field croplspecies E 
weeds frequently have been found to have many types o� prijary dorn 
which is not broken down rapidly in dry storage. A short o� long 
period of dry storage to break dormancy can b� frequentlj replaced 
I 
a pre-treatment with light, a period at cool temperatures, fr othe1 
factors ( 13) . 
The seed of many species is reported to require various 
sequences of exposure to di verse temperatures in order to
1 
{nll.uce gE 
mination. The seed o� many horticultural crops and forest species 
I 
known to require "stratification", a moist low-temperature :p�etrea1 
of the seed between 1 and 10° C. (13) . Gardeners ha1e known for m. 
years that the seed of many species belonging tp the rosacedus gro· 
require low temperatures in the moist state for two or three month 
order to germinate (39) . This would limit the germination of the 
of such species to a warm season subsequent to a cold seaspn and 
largely to temperate regions of the earth. Other species have bee: 
I 
reported to require two seasons for the establishment of seedlings 
as Convallaria majalis L. in which the root sprouts the fi�st seas, 
while the epicotyl requires a cool season for af'ter-ripenip� befor 
I 
development will take place (6) . Also, cases are known where both 
radicle and epicotyl require after-ripening at cold temperabures, 
I 
as t�e species, Trillium erectum L .  (4) . Some species are known t 
require a specific range of temperatures during the cooll temperatu 
phase of the after-ripening period . Generally, m9st reqylrJ a min 
l�ngth of such a pretreatment. And, furthermore, after doijillancy i 
broken they will only germinate at specific ranges of tempe�ature 
3' I 40) I 
I 
Fruits and seeds of Ambrosia trifida L. after-ripened at 
I. 
temperatures in the moist state become dormant whef1. placed at 28° 
and such material must be given three months of cold t�eatment tp 
come this induced dormancy (14) .  
Soil moisture content requirements 
I 
f d I .. I t· 
, Ii 
or see gertifina ion hav 
been found to be, generally, less specific. For example, many of 
common 'Vegetable seeds only had reduced germination when the soii 
ture content approached within 1 1/2 per cent or less of ihe perma r 
wilting point of �he soil. Germination was only slightly reduced, 
the moisture content was greater than field capacity by 1 1/2 per\ 
( 18). 
Aeration and frequently certain specific ranges of oxygen a1 
carbon dioxide concentration have been shown to be a 1requisite for 
I I 
induction of germination as well as actual germinatioG. How�ver, 1 
mination has been found �o occur under conditions of 
1
low oxygen co1 
centration. Also, it could be induced under aerobic conditions an< 
completed in an anaerobic environment (47) . Oxygen was, however, 
r.equired for subsequent seedling development. The oxygen requirem1 
for germination of a seed has been found to vary with
1
siedies. A: 
number of species such as wheat (Triticum spp.) showed ·a signifiGaJ 
reduction in germination when the oxygen concentration was decreas1 
5 per cent·, and only one-half the normal germination at an oxygen 1 
centration of less than 1 per cent (13, 45) . 
I I 
Some species such as 
cockle-bur (Xanthium Canadense Mill) , although the seed coat was f< 
to be permeable to water, had a type of dormancy which was linked, 
low oxygen availability to the embryo (48) . Consequently� high ox: 
concentration or an increase in the permeability of the seed coat· 
gaseous exchange was necessary to induce germination. D6�ant Lac 
sativa L. seed, was induced to germinate at 20 to 26° 0. in a'20 pc 
I 
cent oxygen atmosphere by the addition of 5 to 20 per cent carbon 
dioxide·-( 49) 
I 
These fairly high concentrations of carbon dioxide, 
I 
the case of the lettuce seed, took the place of certain te�peratur1 
ligh� conditions in the induction of germination (49) . 
I 
However, 01 
other hand high carbon dioxide concentrations have beeQ reported t< 
inhibit the germination of the seed of many species and thuk delay 
germination of seed and seedling growth (50) . Thus gertnin�tion wo, 
I 
be inhibited in decaying vegetable material or at a soi1l depth higl 
carbon dioxide which generally is known to be too deep for Jeedlin1 
emerge. The seed of species such as Typha latifolia L. does not gE 
minate in ordinary air but will germinate at reduced oxy�en level� 
11 I 
(50) .  Brassica alba L. seed when exposed to 10 per cent OKygen cor 
bined with carbon dioxide concentrations of 10 to 15 per cent at 2( 
fo� 3 weeks entered a state of secondary dormancy (29) . 
I I I 
This dormi 
coul� be induced at lower temperatures with lower carbon dioxide cc 
I. 
centrations, and could also be induced at higher temp�ratures and: 
oxygen levels if combined with equally low carbon dioxfde conceptri 
tions ( 29) . Secondary dormancy could not be induced in the 
1
see�j < 
I I I l 
Xanthium species at a temperature of 30° C. in air but ldould be inc 
at that temperature when embedded in modeling clay or an agar jell� 
I 
(15) . In the case of a:rter-ripened Ambrosia trifida seed 
j
ome oxyi 
had torbe present to be able to induce secondary dormancy in this r 
rial at a temperature of 30° C. (14 ) . 
I 
The seed of a number of species is known to r�quji
i
e 
1
1ight ix 
order to germinate while the seed of other species wh�n exposed to 
light enters a state of induced dormancy. 
I • A large number of spec1E 
have be�n reported to be sensitive to light, but the germination oj 
light-sensitive seed such as that of Rumex crispus �- pas been fou1 
vary with the age of the seed and other factors (22). A short per: 
. I 
I I 
I I 
of high temperature alternated with a longer period of lower tempbJ 
ture can be substituted for light treatment in the case of the seec 
Poa species as well as others (23, 52) . The light requirement for 
mination of the seed of such species as Daucus carot�I LI
. can be 
replaced by high oxygen concentrations (22). The seed oJ s�ch spe< 
as Amaranthus caudatus L. has been found to become photodotnnant thJ 
prol6nged illumination and will not germinate in darkness (37) . Ii 
bition of germination by light or high temperature is considered tc 
of value in preventing germination from occurring on an expqsed s
1
0: 
surface where rapid drying and high temperatures are known to be cc 
(30 ) . Light requirement by seed could keep seed from germin�ting 
poorly illuminated or overpopulated ·areas (30) . Some species of r< 
garden plants are known to require light in addition to aow lemper: 
treatments for germination (41) . Species endemic to a certain env: 
ment appear to show matchi_ng requirements for germination of the s1 
The mechanisms involved in maintaining the
1
primary dormancy 
seed (in addition to those cases where hard or impermeable seed co1 
1 
are concerned) which include chemical factors or combinations of cl 
icals and seed coat impermeability, are beginning to be elucidated 
I 
The biochemical changes, that take place when dorman1y is overc,ome 
being determined. Probably, the most common type of s�ed with pri1 
II I 
dormancy is seed with a relatively thin seed coat buy containing a 
chemical inhibitor which keeps the embryo in primary dormancy. An 
example of this type was ·sinapis alba L. (19) . ·Many species, such 
I 
Amaranthus retroflexus L. , are reported to require after-ripening 
I , 
dry storage for 2 or 3 months, but dormancy may be due to an inhib: 
not �et isolated or some other cause (13, 19) . The germination of 
light-sensitive seed of Epilobium hirsutum L. can be increased in 
i I 
and dark by breaking the seed coat, but in the case of Fagopyrum 
tataricum (L. ) Gaertn. (Tartary buckwheat), pricking with a pin or 
cutting to expose the embryo to outside air and water �id pot impr, 
germination extensively (1, 53) . However, it was no1 possible to 
extract a chemical inhibitor from Tartary buckwheat (53) . Ip the, 
of the embryo from Fraxinus seeds it has been found that while the 
centration · of an inhibitor did not change as the 1or�ancy of the s, 
was reduced, there was an increase in the level of a germination p: 
I 
motor (54) . Chemical germination'inhibitors have been extracted f: 
fruits and seeds of many species but such substances in sbme specie 
seem to be balanced by germination promoters and the qegre� of dor1 
i's dependent on the status of this balance ( 19, 56) • 
t 
I. 
The seed of some species has been reported o require a nat, 
I 
substrate for germination but an essential ingredient prese�t in n1 
I 
ral conditions can be substituted. The seeds of Amaranthus specie, 
V.erbascum Thapsus L. as well as some other species have feen fo�d 
germinate to a greater extent in soil than on filter pape� (�2) . 
1 ·1 I 
pretreatment with lignt or a pretreatment of 7 days at 5° C. can b• 
I 
replaced with potassium nitrate aqueous solution for see� of 1Festu• 
capilla-€°a Lam. as well as other species ( 28, 13) . 
I 
Seed of var i ous species  has been reported to have types of 
periodi city of germinat ion whi ch apparent ly are not spe c i f i cally 
affect ed  by known environmental condit ions . Amaranthus ret roflexus 
s eed  was coll e cted  in three different years and held  moi st at 20 ° C 
Thi s  temperature i s  known t o  be  unfavorable for the germinati on of 
freshly-harve st e d  s ee d . In 6 1 /2 years thi s seed  showe d a quite  ur. 
form periodi c ity in germinat i on ( 13 ) . 
The s ee d  of the wee d  Alchemilla species has been reported  tc  
germinate chiefly in  the  fall in  spit e of  the fact that s imilar t err 
perature fluctuat i ons also oc cur in the spring ( 5 5 ) . The s ee d  of a 
number of Agrost i s  spec i es has been found t o  have increas e d  dormanc 
during the February-March period of the year ( 32) . 
Var ious devi ces  whi ch prevent sprouting and whi ch result in 
highly spec ific  requi rement s for germinati on are known to enab le err 
oni c  mat eri al to be pre s erve d in the soil and als o  allow the s ee d  t 
. germinat e under certain condit ions and in a part i cul ar type of  hab j 
See d of weed  spec i e s , such as poke weed, has been found t o  
r equi re a combinat i on of  l i ght, potas sium n it rate , and alte rnat ing 
t emperature s  for a h i gh degree of germinati on ( 4 3) .  Furthe r , diffE 
ences  have been found between different forms of  the same spe c i e s  j 
regard t o  requi rement s t o  overcome the effect s o f  primary dormancy 
s eed , as in the cas e of Delphinium spec ies where the annual form 
r equi res more spec i fi c  t reatment for germinat ion than the perenniaJ 
form ( 3) .  Trigonella arab i ca Del . , a de s ert annual, i s  report ed tc 
have wat er-s oluble inhibitors and an impermeable seed  coat, whi ch v 
result in keeping seed viable over a long period of time. Even fft 
becoming permeable they would not germinate until there haq been su 
I 
cient rainfall to leach out the inhibitor (30) . Another desert spe 
I 
cies, Pectis papposa M .  E .  Jones, has been known to gerµli�ate irnmed 
ately after a rain if the temperature was high, as sufficient inhib 
was leached out by the rain, but at low temperatures the inhibition 
co�plex reformed and the seed would not germinate (57) . The hard s 
coat of the seed of some species in addition to the function of pre 
vation of embryonic material in soil over long periods of tife also 
functions in the distribution of some species. In the case 9f Daba 
spinosa Gray, desert smoke tree, seed will not germinate until the 
coat has been abraded by being carried along in the dry ravines of 
south California deserts by the water from torrential rains (10) . 
EXPERIMENTAL PROCEDURE AND RESULTS 
The seed was collected at appropriate periods during the sea 
I 
and the experiments were conducted in the field, greenhouse, and la 
ratory, concurrently . Attempts were made to reproduce undef contra. 
or partially controlled conditions environmental factors of the fie 
such as the effects of 
house and laboratory . 
I I 
temperature, moisture, and light in the 
The effects of environmental f�ctors �n 
gree 
isol 
tion as well as the combined integrated effects ' of factors such as 
variations of temperature and moisture were investigated .  
Collection and Storage of Seed 
The seed material was collected from naturally-occuring plan 
within a twenty-mile radius of Brookings, South Dakota, dliring 1956 
1959. Collections were made during the fruiting seas9n frcyn numero 
patches. Some material was collected from the same patches levery y 
I I 
. I , 
The fruits were stored in paper bags in open, • dry containers at roo 
te�perature except for part of the 1958 harvest which was stored at 
I 
-12° C. , -12° ·c .  and -7° C. in sequence, and -12° C. followed by 4° 
I 
The fruits were threshed as seed was required .  Threshinf was do�e 
, hand . A blower cleaning machine was used for cleaning th� s�ed and 
separating light weignt from normal seed. 
I 1 1  
Threshed seed was stored 
I 
paper bags and envelopes in an open dry cupboard in the �abp�atory . 
Uptake and Loss of Water 
The uptake of water by air-dry seed on paper substrat� was c 
mined by weighing out 2 . 0- and 4. 0-gram samples, divid�ng each intc 
I 
parts, and placing the seed between moistened blotters (12 x 12· cm . 
I 
One-gram samples, some of which were replicated, were
1 
al�o used , \ J 1 
I I I 
seed was then tested for water intake at constant temperatures of 1 
20, and 30° C. and alternating temperature of 20 (16 hrs . )  and 30
I 
( 
hrs,. ) ° C .  The change in weight of the seed due to absorption of wa 
was deiermined by scraping the seeds from the blotters and weighing 
them. The loss of water by the seed was determined bf placing the 
water-swollen seed on dry blotters in the open at roJm �,mp�rature 
weighing the material at intervals of time . The inte�vals of time 
j 
in measuring the uptake and loss of water by the seed were fraction 
, I 
an hour (smallest being 5 minutes), hours, and days . 
The absorption of water by 1. 00 gram of seed in open air (1J 
than 100 per cent relative humidity) at room temperature (22± 2° c .  
was determined by placing the seed on a blotter suspended by l a  fram 
a vessel containing water . The ends of blotter dipped into the wat 
and were kept moist continuously . Weighings were made within 24 an 
I I 
hours . One set of �00 seeds was tested for germination on a 
1
contin 
I 
ously moist blotter for two months . 
The constant weight of dry matter of the s�ed was determined 
100° C .  ·Tor 1-gram· samples. 
Seeds of various ages absorbed water readily at all tempe1at 
I 
that were tested . In closed containers, or at 100 pef cent, relath 
humidity, seed absorbed water to about 45 to 60 per cent pf tbe air 
weight of seed in 24 hours at constant temper�tures of �, 1 4, 20, ar 
30° C .  and alternating temperatures of 20 and 30° C . ,  Table 1 .  The 
were no gross differences between the amount of water absorbed at 
different temperatures by seed of the same age although absorption 
I 
I 
somewhat faster at the higher temperatures by seed of all ages . 
Table 1. Absorption of Water by Q• arvense Seed, of Different Ages 
Age 
of 
seed 
in 
rears* 
3 1/2 
3 1/2 
I 
3 
3 
3 
under Various Temperature Regimes at 100 per cent �elati� 
Humidity 
Grams 
Grams Period Germination of Per cenlt 
of Temperature of status of water increase 
seed regime time- seed absorbed seed wei 
2. 00 1° C. const. 24 hrs . 0 . 96 
l 
48 . 0 1  
3 da . 1 . 16 I 58 . 0  
5 da . None 1 . 23 61 . 5  
2. 00 1° C. const. 24 hrs. 0 . 98 491. 0  
4 da . None 1. 26 63 . 0  
2 . 00 4 °C . const. 24 hrs. 0 . 95 47 . 5  
48 hrs. 1. 08 54 . o  
5 da . None 1. 22 61 . 0  
4 . 00 20°C . const. 24 hrs. 1 . 71 42 . 6  
48 hrs. 2 . 38 59. 5 
3 da . Beginning 2 . 43 60.7 
5 da . Germinating 2.54 62 . 5  
I I 
4 . 00 30°C . const. 24 hrs. 1 . 95 48. 7 
48 hrs. 2 . 36 59 . 0  
3 da. Beginning 2.45 61 . 3  
5 da . Germinating 2 . 80 70 . 0  
Table 1. Continued. 
Age 
. . of Grams 
seed Grams Period Germination , of Per cent 
in of Temperature of status of water increas e  
iears * seed regime time seed abs orbed seed wej 
2 1. 27 20°C. const. 24 hrs. 0. 69 54. 3 
48 hrs. o. 68 53. 5 
5 da. 0. 62 48. 9 
7 da. Germinating 0. 62 48. 9 
10 da. 15. 7% 0. 71 55. 8 
12 da. 27. 5% 0. 82 64. 5 
14 da. 60. 4% 1. 18 93. 0 
18 da. 83. 3% 2. 75 �16. 4 
2 1. 00 20° c. (16 24 hrs. 0. 62 6�. o 
hrs. )  30°C. 48 hrs. 0. 55 55. 0 
( 8 hrs. ) 3 da. Germinating 0. 57 57. 0 
alt. 5 da. Germinating 1. 13 113. 0 
7 da. Germinating 2. 19 219. 0 
14 da. Germinating 4. 56 456. 0 
1 2. 00 20° c. const. 24 hrs. 1. 11 55. 5 
48 hrs. 1. d4 52. 0 
4 da. Beginning 1. 31 65. 5 
5 da. Germinating · i .  54 77. 0 
7 da. Germinating 2. 35 117. 8 
a/  
1 2. 00 20°C. const. 24 hrs. 0. 93  46. 5 
48 hrs . I 0. 9·5 47. 5 
3 da. 0. 96 48. o 
5 da. o. 88 , 1  44. o 
6 da . Beginning 0. 87 43. 5  
7 da. Germinating 0. 9Q 45. 0 
a/ 
l 2 . 00 30° C. const. 24 hrs. 1. 01 50. 5 
48 hrs , 0 , 94
1 
47 , 0  
3 da. Beginning 0. 91 48. 5 
5 da. Germinating 0. 95 I 47. 5 
7 da. Germinatipg 1. 61 1 I 80. 5 
Table 1 .  Continued .  
Age 
of 
seed 
in 
years* 
1 
l 
' I  
\ 
· l 
Grams 
of 
seed 
1 . 00 
2 . 00 
2 . 00 
Temperature 
regime 
20° c . (16 
hrs . ) 30° C .  
(8 hrs . )  
alt . 
20° c . (16 
hrs . ) 30° C .  
( 8 hrs . )  
alt . 
20° c .  ( 16 
hrs . ) 30° C .  
(8 hrs . )  
alt . 
Period 
of 
time 
a/ 
24 hrs . 
48 hrs . 
3 da . 
4 da . 
5 da . 
7 da . 
a/ 
24 hrs . 
48 hrs . 
3 da . 
5 da . 
7 da . 
b/ 
24 hrs . 
48 hrs . 
3 da . 
4 da . 
5 da . 
7 da . 
Germination 
status of 
seed 
Beginning 
Germinating 
Germinating 
Beginning 
Germinating 
Germinating 
Beginning 
Germinating 
Germinating 
Grams 
of 
water 
absorbed 
o. 49 
0 ,. 43  
o . 43
1 o . 48 
I o .  51 
0 . 58 
1 . ol� I 1 1 
0 . 95 
0 . 93 
1 . 12 
1 . 78 
1 . 18 
1 . 03 
1 . 24 
1 . 07 
1 . 29 
I 
2 . {
5 
I 
I 
Per cent 
1 increase 
seed wej 
I . 49 . 0 
43 . 0  
43 . 0  
48.1 0 
5'1 .  0 
5�. o  
I I I 
52 . 5  
47 . 5  
46 . 5  
56. 0  
89 . b  
59 . 0  
51 . 5  
.62 . o  
53 . 5  
64 . 5  
107 . 5  
* • All seed had previously been stored at room temperature 
1
except 
�/ stored at -12° C .  and "E__/ stored at -12° C .  for 5 months and 4 ° C 
for 17 months . 
The rate of water absorption at a constant t�mp�rature of 2r 
was very rapid at first and then gradually leveled off . Table 2 ., 
Table 2 .  Rate of Absorption of Water by _g_. arvense Seed at a Co�st� 
Temperature of 20° C .  
Age 
of Total ' 
seed weight Absorption of water in per cent of maximum amount 
in of of water imbibed in I 
iears seed 3 6 9 12 24 48 bO 1 
3 1/2 1 . 00 g .  50 . 8  62. 0 65 . 0  69 . 2  85 . 8  100 100 
2 1/2 2 . 00 g .  62 . 4  74. 2 83 . l  90 . 0  95 . 0  96 •. 0 100 
l 1/2 1 . 00 g .  64 . 9  80. 4 86 . o  100 . 0  100 . 0  100 100 
Hrs . - hours 
Between 50 to 65 per cent of maximum imbibition took place i� the fj  
3 hours, and l 1/2-year-old seed had reached complete imbibi�ion wi1 
12 hours . The rate of absorption varied with age ; the 6lder seed 
I 
reached complete imbibition more slowly �han the fresher seed . The 
I 
rate 'or absorption at temperatures below normal plant growth, 1 and 
C .  by 3 1/2-year-old seed was lower than at 20° C . ,  Table 3 .  About 
. . half of the water was absorbed in the first 3 hours but 85 to 90 pe1 
qent of complete imbibition required 2 to 3 days . 
Table 3 .  Rate of Absorption of Water by _g_. arvense Seed at l Tempera­
·tures Unfavorable for Plant Growth* 
Total Absorption of water in per cent ?f maximum 
weight Temperature amount of water imbibed l.Il 
of seed regime 3 hrs . 12 hrs . 24 hrs . 2 da . 3 dar 4 da . b C 
I 
2 . 00 g .  10 c .  53 . 5  65 . 0  73 . 2  89 . 2  97 . 0  97 . ,o 10( 
2 . 00 g .  10 c .  76 . 0  97 . 5  10( 
2 . 00 g .  40 c .  73 . 5  83 . 8  86 ! 0  10( 
* Seed - 3 1/2 years old . 
I I 
The seed lost water readily . Fully swollen seed lost most o 
the �bsorbed water in about 2 hours, Table 4. More than onerhalf o 
the imbibed water was lost in 15 minutes . 
Table 4 .  The Rate of Absorption and Loss of Water by C .  arvlens
i 
Se 
Age 
of 
seed 
in 
years 
I 
1 1/2 
I 
2 1/2 
Time 
5 min . 
15 min . 
1 hr . 
2 hrs . 
3 hrs. 
6 hrs. 
8 hrs. 
12 hrs. 
24 hrs. 
5 min. 
15 min. 
1 hr . 
2 hrs . 
3 hrs . 
6 hrs . 
'8 hrs . 
12 hrs . 
24 hrs. 
at , Approximately, 20° C � * I . 1 1 I 
Absorption of water in Loss of water in per 
per cent of maximum of maximum amount of 
a.mount of water imbibed water imbibed 
32 . 8  
27 .2  65 . 7 1 
8,3 . 1  
52 . 6  1
�
1 .
g 64.8 1 4. 
I 80 . 4  104 . o  
84 . 5  104 . o  
100 . 0  104 . o  
100 . 0  104 . o  
36 . 8  
29 . 5  55  O 
76 . 0  
43 , 6  100 . 0  
66 . o  104 . 2  
72 . 6  110 . 8  
87 . 3  110 . 8  
98.0 110 . 8  
100 . 0  110 . 8  
1
cei 
* The imbibition of water was from between moistened blo}ter� at a 
constant temperature of 20° C .  The drying was by exposure o* dry 
blotters in open air of the room at approximately �0° C. 
The a.mount of water absorbed by 1 . 00 gram of 2-year-old seed 
I 
room te�perature, 20�2° C . ,  in an open air uncovered germinator (lef 
than 100 per cent relative humidity ) on a constantly moist blotter, � 
31 per cent within 24 and 48 hours. Two-year-old seed, bn a (consta.J 
I 
moist blotter in open air germinated less than 1 per cent in two 
I 
months at room temperature. 
The water content of air-dry achenes that had been dried at : 
C . ,  was 7 per cent for 2-year-old and also 7 per cent for 2-year-o�c 
seed kept in cold storage . 
Laboratory Experiments 
Paper substrate . 
Temperature and Moisture 
I I 
The effects of various types hr temie·ratur� 
I 
regimes at constant moisture conditions and 100 per cent relative 
humidity were studied in a series of experiments_. ' 
Varied temperature effects were obtained by the use of contrc 
chambers, room temperature, and greenhouse temperatures l I The contrc 
. l 
chambers were of two main types, constant and alternating. Seed tef 
ing germinators were used for temperatures of 30° C. or less and 
1
d!J 
ovens were used for higher temperatures. Alternating �emperaturis y 
secured either by the use of automatically controlled
1 
tempe,rature er 
bers or by moving the material manually from one temperature qhambe1 
I 
to another. One alternating temperature chamb_er had lighi at the 
higher temperature. Room temperatures were partially controlled by 
use of rooms in the north-east part of the building and · by fans . 
Gr�enhouse temperatures were partially controlled by ventilation and 
I
I 
reducing insolation. 
Moisture content was kept constant by the use of c9vered pla: 
germination dishes, 12 x 12 cm. , or by wrapping the material i.n wax• 
paper . Substrate was kept moist continuously with tap water .I 
One phase of varying temperatures was a cold treatmentj which 
consisted of placing the seed in refrigerators where thJ temperatur« 
. 
I 
varied from O to 7° C .  Most pre-chill treatments were for 7 days , 1 1 
a few tests were made with cold treatments of 14 days or longer . 
The paper substrates used were. filter paper and a blue bloti j 
· paper of the type in general use by seed testing laboratories. 
Composite samples of seed used were from the harvests of 195E 
I 
1957, 1958, and 1959 . Four replicates of 100 seeds each di1tributec 
12 x 12 cm . blotter or 9 cm. -round filter paper were generally used , 
Germination was measured by the degree of developme�t of the 
radicle . A development of 1 mm. or more of the radicle j was consider 
I 
germination on paper substrate . 
In addition to various temperature treatments deed was aiso 
given a drying , remoistening treatment and tested for germi�ation at 
20° C. Moistened seed was placed on moist blotting paper in semi-da 
I I 
ness at room. temperature, exposed to air, and allowed to ,dry . When 
thoroughly dry, seeds and paper were remoistened, 
�
pp�oximat
f
ly ever 
24 hours · for 5 days . 
Ungerminated residues of seed from various treatments were 
placed at different temperature regimes or subjec�ed to various high 
I 
temperatures of short duration or drying and remoistening 6f  the see 
I 
I 
In one series of experiments the effects of constant tempera 
I 
-
tures and alternating temperatures with periodicities o� long durati 
were studied. 
The germination of 2-year-old (1957) , 1-year-old / 195f) ,  a'nd 
freshly-harvested ( 1959) seed was tested at , the co'nstant �jemperature - ' 
of 15, 20, and 30° C. The germination of 1957 seed was alsb tested 
co�stant temperatures of 4 and 25° C. 
I I 
Germination was slow under a constant temperature of 
1
20° C. 
Freshly-harvested seed sprouted 0. 5 per cent, 1-year-old germinated 
I 
I 
per cent, and 2-year-old seed germinated 3 , 0  per cent in one month. 
Consequently 20° C. was used as the control temperature in most \ or t 
I I I I 
�xperiments involving the effects of temperature on ge)�ination or 
germination induction. 
The germination of 2-year-old, 1-year-old, and freih seed at 
constaht temperature of 15° C. was 0. 0, 0. 0, and 0. 0,  respectively, 
I 
1 month, while the germination of 2-year-old seed (1957) at higher 
temp,eratures varied, for the most part, directly with �h
r 1
emperatur 
from 35. 4 per cent at 25° C. to 81. 8· per cent at 30° C. in one month 
I 
The rate of germination varied with the temperature from 1. 7 
I 
per cent in 14 days at 20° C. to 15. 5 and 51. 5 per cent in 5 days at 
25 and ·30° C. , respectively, Figure 1. At 25 and 39° b .  the great�r 
proportion of ) the germination took place in the first 10 days. 
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Figure 1 .  The Rate of Germination and Germination Curves of C .  arvensE 
Seed (2 yrs. old, 1 9 57) at a Constant Temperature 
of 20, 25, and 30° C. 
Germination at a constant 30 ° C .  was signific antly greater for 
older seed as shown in Tables 5 and 6 . In 30 days the total germina­
tion of 2-year-old (1 957) ,  1-year-old (1958) and freshly-harvested 
( 1959 ) seed was 81.8 , 50 . 6, and 1 8 . 0  per cent, respectively. 
The rate of germination varied with age, as shown in  Table 7 ,  
and ranged from about half o f  the total germination for fresh seed in 
7 days to more than four-f ifths of the total germinati on for older seed 
( also Table 5 ) . 
Table 5. The Germination of C. arvense Seed of Three Different Ages 
at a Constant Temperature of 30° C. 
Age of 
seed in Per cent germination 
years 5 days 7 days 10 days 14 days 21 days 1 mon 
I 
2 51. 5 67. 3 69. 0 73. 0  81. 8 81. 8 
1 35. 5 47. 3 49. 0 50. 0 50. 3 50. 6 
Fresh 7. 2 8. 5 11. 8 12. 7 18'. 0 18. 0 
I 
Table 6. The Analysis of Variance of the Effect of Age on
1
the Total 
Germination of C. arvense Seed at a Constant Temperature of 30° C. 
Source of variatio� 
Replications 
Ages - 2 yrs . , 1 yr . , freshly harvested 
Error 
· ·Total 
** Significant at 0. 5% point. 
d. f. 
3 
2 
6 
11 
M. S. 
1. 64 
4o64. 59*j 
46. 47 
764. 81 
Table 7. The Rate of Germination of C. arvense Seed of Three Differ, 
Ages at a Constant Temperature of-30° C. Expressed as a Fraction 
of Total Germination 
Age 1or 
Per cent of total germination seed in 
years 5 days 7 days 10 days 14 days 21 days 1 moni 
I 
2 62 82 84 89 100 100 
1 70 93 97 99 99 100 
Fresh 40 47 66 71 100 100 
The germination of seed at a constant temp�rature of 20° C. wa 
tested over a period of 9 months. In this series 6, 2, and 1 6 sets of 
4 replicates of 2- and 1-year-old and fresh seed, respectively, and o 
set of 2 repli
°
cates of 195'7 and 1958 seed were tested. , The germinati 
of all sets was les s  than 6 per cent in 1 month or longer, kxcept 1 s 
of 4 replicates each of 2-year-old and fresh seed in September, 1959, 
I 
that germinated 52.3 and 20 . 0  per cent, respectively. �owever, the h 
degree of germination of 2 sets placed at 20° C. in Sep\embelr was in 
direct contrast to the germination of 3.0 and 2.3 per cent respective: 
of one set of 2-year-old seed placed at 20° C. 2 w�eks ealrlier and 2 
weeks l,ater and the germination of 1. 5 per cent of , a set ,p} )resh see, 
I 
put at 20° C. 2 weeks later. 
I I 
Two-year-old seed placed at 20° C. for 1 week, germinated 1 pe: 
. cent � but when plaGed at 30° C. for 3 days, germinated an additiona+ 
I I . 
5 per cent. When placed at 20° C., this seed germina�ed an additiona: 
11.� per cent in 4 and 14 days. Seed at 20° C. for 1 Jeek, gen,iihatec 
1.5 per cent, but when placed at 30° C. , continuously , germihate� an 
I I I l I 
additional 5.6 and 11.2 per cent in 5 and 28 days respe��ively. Seed 
at 20° C. for 2 weeks, germinated 1 per cent, and of this material onE 
I 
replicate was put at 30° C. while the other replicate was rreated at 
I · 30° C. rfor 3 days and replaced at 20° C. The material at the continue 
30° C. germinated 27 per cent in 7 days while the materiJ1 at 20° c .  
germinated 10 per cent during the period at 30° C. an� *I Pfr 
days and 25 per cent in 2 months during the period at ,20 ° C. 
cent in 
l 
Seed was treated with moist conducted heat at 100 1per �ent rel1 
I 
tive humidity, at constant temperatures of 30, 3 5, and 40 ° C. for 2, 
3, and 4 days. The seed was also pretreated for 3 days at alternatinl 
temperatures of 20 (16 hrs. ) and 30 (8 hrs. ) ° C. , at high temperaturef 
of 40, 43, 50, and 52° C. for 3 to 8 hours, and at 50° C. for 3 da�s 
both on a moist substrate and in the dry state. Another variation waE 
to put the seed on a moist substrate for varying periods of time from 
I 
a few hours to several days at 20° C. , and then subject it to a 'high 
temperature treatment. I I 
The total germination at 20° C. of 2-year-old seed pretreated E 
30° C. for 2, 3, and 4 days, and at 35° C. and 40° C. , each , for 3 and 
day� is given in Table 8. The optimum germination was obtained with E 
3-day pretreatment of 30 or 35° C. The germination of 87. 2 and 86. 5 
I ' 
per cent for 3 days of pretreatment of 30 and 35° C. , rJsptctively was 
r 
significantly higher than 51. 3 per cent germination for. 3 days of 
pretreatment at 40° C. , as shown by Tables 8 and 9. There was some 
sprouting durin$ a 4-day pretreatment at 30° C. However, there Jas no 
sprouting during pretreatments at 40° C. and germination wa� delayed 
I 
I 
for 3 days. In a separate test, seed pretreated at 50° C. did not ger 
minate  after l month at 20° C . 
I 
I 
Table 8. The Effect of Moist Conducted Heat at 30, 3 5, 1 and 40° C. fo1 
Periods of 2, 3, and 4 Days on the Germination of _Q_. arvegse Seed 
(1957, 2 yrs. old) at a Constant Temperature of 20° C. 
Type, 
bf pretreatment 
30° c. for 2 days 
30° c .  for 3 days 
30° C .  for 4 days* 
35° C. for 3 days 
35° c .  for 4 days 
4o0 c. for 3 day$ 
40°, c. for 4 days 
Per cent germination in 1 month 
78.3 
. I 
87.2 
52.7 
86.5 
79.4 
51.3 I I 
15.8 
* So�e seeds germinated within 4 days, conse�uently, seeds t�sted at 
20° C. included only ungerminated seeds ( 400) . 
Table 9. The Analysis of Variance of Total Germination of S�ed �t a  
Constant Temperature of 20° C., Pretreated with MoisJ �9nducte�l iHeat 
Source of variation 
Replications 
Treatments 3 days at 30 , 35, 40° C. 
Error 
• Total 
** Significant at 0.5%. 
d.f. 
3 
2 
6 
11 
M. S. 
108. 78 
1764. 75** 
77. 19 
392. 64 
' 1
1 I 
. The rate of germination also varied with the dvraJio� and magni 
tude of temperature of pretreatment from 85.0 per cent in � days for 
. I 
3-day pretreatment at 35° c .  to 11 , 5  per cent in 19 days for 4 days of 
pretreatment at 40° C. , as illustrated by Figure 2. 
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Figure 2 .  The Effect s of Moist Conducted Heat at 30 , 3 5 , and 4o ° C .  
for Periods of 2 ,  3 ,  and 4 Days on the Rate of Germination and 
Germination Curves of Q_. arvense ( 2  yrs . old , 1957 ) 
Seed at a Const ant Temperature of 20° C .  
21 
Similar treatments were given to freshly-harvested and 1-year­
old s eed . Four replicates of 100 seeds were pretreated for 3 deys at 
35° C .  and 1 repli cate was pretreated at 30° C .  before being germinated 
at 20° C .  A:rter pretreatment at 35° C .  germination percentages , at the 
end of 1 month , were 16 . 2  for the fresh seed and 35 for the older s eed .  
Total germination and rate of germination are compared with that of  
2-year-old seed (Table 8 )  in Figure 3 .  The older seed germinated more 
than the fresh seed . Fresh seed pretreated at 30° C .  germi nated 78 per 
cent in 5 deys and 85 per cent in 30 days , while 1-year-old s eed gave 
73 and 74 per cent germination in the s ame period . 
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Figure 3. The Effe ct of Moi s t  Conducted  Heat at 35° C . , for Three Days , 
on the Rate of  Germi nat ion and Germi nat i on Curves of  C .  arvens e  
Seed at a Const ant Temperature of  20 ° C .  
Seed - 2 ( 1957) , 1 ( 1958 ) yrs . old , and freshly h arvested ( 1959) . 
The germ ination of  seed  pretreated at 30° C . for 12 and 24 hours 
is recorded by Table 10. The germinat i on of seed  pretreated for 24 
hours is high for 2-year-old seed harvested in 1957, but not so for 
seed harvested in 1958. 
Table 10 . The Germination at a Constant Temperature of 20° C .  of C .  
arvense Seed , of Different Ages and Dates of Har�est , 
Pretreated for 12 to 24 Hours at 30° C .  
Period of Number 
Year of treatment of Per cent germination in dais 
harvest Age in hours seeds* 3 5 7 14 I 17 2� 
1957 3 24 200 16 . 0  26 . 0  
1957 2 24 200 29 . 5  I 83 . '5 
1958 2 12 400 3 . 5  21 . 3  24 � 3  --
1958 2 24 400 3 . 3  28 . 5  25.0 
* Every 100 seeds represents 1 replicate . 
In a third series of experiments moist heat pretreatments were 
app
0
lied to 1-year-old seed for 8 hours instead of the 3 diys used in 
the previous series . Pretreated seed was then germinated at 20° C .  
The germination percentages of seed pretreated for 8 hours at 
35 , 43 , and 52° C .  are shown by Table 11 . Seed pretreated at 35 and 
I 
29 
30 
43° C .  germinated 42 to 55 per cent , respectively , more than double the 
germination of seed pretreated at 52° C .  ·and equal to the germination 
of seed pretreated at 35° C. for 3 days . The rate of germination of 
seed pretreated at 35 and 43° C. for 8 hours was approxi�ately equilva-
' 
lent to that of 35° C .  for 3 days but germination of seed pretreated at 
52° C .  was delayed for 5 days (Table 11) . 
I 
In other tests , 3-month-old seed held at ·20
°· C .  (moist ) for 4 
days, 30° C .  for 2 days· and 20° C .  for 17 days , germinated 15 per cent 
in 17 dais ,  while 2-year-old seed held at 20
° C .  for 4 days
1
, 42° C .  for 
I • 
I 
4 ho,rs , and 20° C .  for 14 days germinated 5 . 3 per cent . 
Table 11. Effect of High Temperature Treatment f9r a ' Short Period of 
Time Compared to the Effect of 35° C .  for a Longer Period of Time 
on the Germination of _Q.. arvense Seed at a Constan� I 
Temperature of 20° C.* 
Period of 
germination 
time in 
3 .' days 
5 days 
7 ' days 
10 days 
14 days 
17 days 
1 month 
* Seed tested was 
Germination in per cent of seed pretreated by heat 
35° c .  
for 
8 hrs. 
6.7 
34.o 
40.7 
42.0 
42.2 
42.2 
42.2 
l yr. old, 
at temEeratures of 
43o C. 52° C. I 
for for 
8 hrs. 8 hrs. 
1 . 2  o . o  
29.5 0.3 
51.2 1.5 
54.2 9.0 
54.5 13.5 
54.5 14.7 
54.5 14 .. 7 I 
1958. 
35° c .  
I for 
I 3 days 
12.7 
23.2 
3 3.0 
34.5 
35.0 
35.0 
35.0 
I 
I 
1
1 
The germination of 2 to 2 1/2-year-old s eed that had 1been 
I I 
placed between moist blotters at 20° C. for 5 or 6 hours and then 
30 
I I 
treated at 35 to 50° C. for 3 to 8 hours is recorded in Tab1� · 12. The 
I 
germination induced by short heat treatments of seed p�rtially imbibed 
I 
I ' 
with water was only a fraction (about 1/2) of that induced bf 35° C. 
for 3 da;ys ,  The rate of germination of 2 1/2-year-ol� ASed pretUeated · I I 
at 35° C. and 4o° C. was somewhat h igher than that pretreated at 50° C. 
Two-year-old s eed treated for 3 days at alternating temper�tures 
of 20 (16 hrs.) and 30 (8 hrs.) ° C. and then tested for geimination at 
r 
20° C. sprouted 68.8, 72.5, and 73 , 5  per cent in 5, 10, �nd 21. days, 
respect�yely, while 100 s eeds of the s ame age placed �t alternating 
I I 
20 - 30° C. for 5 days and at 20° C. for 14 days germina�ed l 24 per cent . 
. I 
I 
Table 12. The Effect of Heat Treatments of Short Duration otj the 
Germination at a Constant Temperature of 20° C. qf _g_. arvense 
Seed Partially Imbibed with Water.* 
Duration Per cent germination at 20° c .  
Age of water Temperature in :e'eriods of 
of imbibition and period of Dais Months 
seed bi: seed ;eretreatment 5 7 10 14 1 
2 5 hrs. 40° c .  for 4 hrs. 39 . 0  
2 5 hrs. 40° c .  for 8 hrs . 55.8 
2 1/2 5 hrs. 35° c .  for 8 hrs. 4 . 3 9. 8 11.3 11. 6 
2 1/2 6 hrs. 40° c .  for 3 hrs. 15.3 22. 7 26. ,5 29.0 29. 0 
2 1/2 6 hrs. 50° c .  for 3 hrs. 2.0 9. 5 16. 0 26. 2 26. 3 
* Seed - 1957 harvest. , I 
In a fourth series of experiments seed was prechilled before 
being germinated at 20° and/or 30° C. Germination of seed given 
1
a 
7-day cold treatment at approximately 2° C. on moist blotterq before 
I • 
31 
being placed at 20° C. for 1 month were 88.8 per cent for 2-year-old, 
I 
I l I .  
25 , 3  per cent for 1-year-old, and 14. o per cent for fresh seed. The 
rate of germination is illustrated by Figure 4 .  The rate of germina­
tion if based on the total that germinated at that specific trea�ment, 
I 
was approximately the same for seed of the three agesr The total 
germination of 2-year-old seed was significantly greater than ,the total 
germination of l-year-old and fresh seed, Figure 4 and Ta�le 13. 
One-year-old seed prechilled at 2° C. for 2 weeks �erminated 8 
per cent ·in 1 1/2 months when kept at 20° C. , and 6 per· cent in 3 weeks 
when ke�� at 30
° C. ; while 1-year-old seed swollen with ��ter, frozen 
at 0° C. for a week, germinated 92 per cent in 2 months at alternating 
20 - 30° c .  
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Figure 4 .  The Effect of Cold a L , .1. Temµe rat ur� of ?.° C . for 7 Days  on 
the Rate of Germinat ion an !_;.f• rrr:i nat, i on Curves of C . arvense 
Seed at a Cons · art T:=: :rip �ra.tu�· r::' :Jf 00 ° C .  
Seed - 2 (  1957 ) , 1 (  1958 ) yrs . o J  r] , , ri J  fres hly harvested  ( 1959 ) .  
Table 1 3 .  Th e  Analys i s  o f  Vari an e o f  the Germination o f  C .  a.rvens e 
Seed of Di fferent Ages Pret r ,at c a  w-i th Co l <  at 2° C .  �/ 
Source of variation 
Replications 
Ages - 2 yrs. , 1 yr � , freshly harvested 
Error 
Total 
d . f . 
3 
2 
6 
11 
a/ Germination at a constant temperatur of 20
6 C .  
•• Signifi cant at 0 . 5% . 
M. S. 
45 . 4 5  
6138 . 09** 
49 . 86 
11 5 5 . 42 
32 
33 
In a fif'th series of  experiments seed was moistened, drie4, and 
remoistened for a period of 4 and 5 days, respectivelf, before being 
germinated at 20° C. The germination of 2-year-old seed in 5 ;  7, 10, 
14 , and 21 days was 26. 7, 47.2, 57 . 8, 63.7, and 65. 5 per aent, respec­
tively, while the germination of fresh seed was 1. 0 per cent in 31 days. 
One- or two-hundred-seed samples of ungerminat_ed residues that 
had been pretreated or untreated a d  tested for germination at 20° C. 
for a period of a month or more were further tested for germination at 
the alternating temperature regime of 20 (16 hrs. ) and 30 ( 8 1 hrs. ) ° C. 
Vi'ability of some residues was also checked by cutting the s1ed at the 
epicotyl end in such a way as to provide a macro openin� to the embryo 
before placing them in constant 20° C .  or alternating 20 ° - 30° C .  
temperatures. 
The ungerminated, 2-year-old and fresh seed, that had been at 
I 
. . 20° C. for 2 months, was placed at alternating 20 - 30° C. for one 
�onth and germinated 0 per cent. Ungerminated 2-year-old seed that had 
been pretreated for 3 and 4 days at 40° c .  and had been at 20° C .  for 
I 
a month germinated . 11 per cent in 12 days and O per cent in 3 weeks, 
respectively . Ungerminated 2-year-old seed that had been fretreated at 
·50° C .  for 3 days did not germinate in a month and did pot germinate 
when cut and placed at alternating 20 - 30° C. for 10 days. ! Ungermi-
nated one-year-old seed that had been pretreated at 43° · C. for 18 hours 
germinate d  25 per cent in 10 days. Ungerminated  2-year-olq seed that 
had been pretreated at 52° C. for 8 hours genninated 16 per cent when 
3 4  
cut and placed at 20° C. for l L 1  d 
�
1he ungerminat ed res idue of fresh 
seed at 20° C. for 2 months when pla cd at the altern at i ng 1 5  ( 16 hrs. ) 
and 30 ( 8  hrs . ) ° C. germinated one per cent in  2 months . 
One- or two-hundred ungerminated s eed lot s that had been held at 
20° C. for one to two months  after be i  g subj ected to numerous pre­
treatments were subj ect ed to short periods of hi gh or low temperature 
and further tested  for germinat ion at 20° C .  Ungerminated res i dues of  
2-year-old, one-year-old , and fresh s eed that di d not receive a pre­
treatment before be ing held at 20° C . for 2 months were heated to 3 5 ° 
C. for 8 hours ; one-year-old s eed was warmed to 30° C. for 12 hours ; 
ungerminated fresh s eed was ch i lled at 1° C. for 5 days ; and fresh  seed  
was dried and remoistened for 5 days  at room temperature all failed 
to germinate  when held at 20° C .  for a month . 
Ungerminated materi al (1957) from two samples of s eed of dif­
ferent origin placed at 19 t o  21° C .  for 4 months  was dri ed and stored  
dry at room temperature for 16  month s , then rernoi stened and t ested  for 
· germination at room temperature. The s eeds germinated  4 5.6 per cent i n  
15 days c.:t room temperature but l �l. 0 t o  41. 5 per cent in  1 4  and 21 
days, respectively, at the alternat i ng 20 - 30° C. Ungerminat ed s ee d  
placed at 1 9  t o  21° C. for 5 months, stored dry at room temperature for 
7 months,  and at 5 ° C. for 8 months, germinated 9 per cent in 10 days 
at room t emperature. 
In a s ixth s eri es  o f  experiment s seed  was sub j ected to  alter-
nating temperatures  wi th regul ar periodici t i es of  irregular length 
which had a summat ion of  2 t� hours . 
35 
Seed was germinated at alternating temperatures of (
1
1) 15° C. 
for i6 hrs . and 30° c .  for 8 hrs . , ( 2) 20° C .  for 16 hrJ. and 30° c .  
for 8 hrs., ( 3 )  15° c .  for 8 hrs . and 30° C .  for 16 hrs., ( 4) 20° c .  
for 8 hrs . and 30° C. for 16 hrs., (5) 19° C. for 8 hrs. and 30° C. for 
16 hrs . ,  (6) 15° C. for 8 hrs. and 20° C .  for 16 hrs., (7) ko° C. for 8 
hrs . and 25° C. for 16 hrs . ,  and (8) 25° C .  for 22 hrs,. an� 40° C. for 
2 hrs . 
I 
The total germination of the seed varied wi4h the typ� of alter-
nating temperature regime and the age of the seed and is recorded in 
Table 14. The germination of 2-year-old seed at alternations of 30° C. 
with 15 to 20 ° C. exceeded 84 per cent --- most seeds germirated in 10 
I 
to 14 days. The germination of 1-year-old seed at alternating 20 - 30° 
C. was similar. in magnitude to that of the 2-year-old but 1the germina-
tion of fresh seed at alternating 20 - 30° C .  was abo�t half of that of 
the former while that of the 3-year-old was very low . The #rmination 
I I 
at the alternating 20 (16 hrs . )  and 30 (8 hrs , )° C. of 2Jyear-old and 
1-year-old seed was signifi cantly greater than that of the tresh seed , 
Tables 14 and 15. 
The differences of germination at temperatures ' al1ernatin� 
\ between 19 - 20 ° c .  and 30° C. with varying periodicities 1pf l 8 and 16 
I I 1 1 
1
hours were not signifi�ant, statistically, Tables 14 and 16. 
I 
I 
I 
Table 14. The Germination of C. arvense Se d of Different Ages at 
Alternating T mperatures on Paper Substrat� I 
Age 
of 
seed 
Per cent germination in 
Type of alternatin 
temperatures in °c . 
Days Months 
5 7 10 14 21 1 
2 yrs. 
2 yrs . 
2 yrs. 
1 yr . 
2 yrs. 
3 yrs. 
2 yrs. 
1 yr . 
Fresh 
2 yrs. 
2 yrs. 
2 y_rs. 
15(8 hrs. ) ;20 (16 hrs. ) 
15(16 hrs. ) ; 30 (8 hrs. ) 
15(8 hrs. ) ; 30 (16 hrs . )  
15(16 hrs . ) ; 30 (8 hrs. ) 
20 (8 hrs. ) ;25(16 hrs. ) 
20(16 hrs. ) ; 30 (8 hrs. ) 
20(16 hrs . ) ; 30 (8 hrs. ) 
20(16 hrs. ) ; 30 (8 hrs. ) 
20(16 hrs. ) ; 30 (8 hrs . )  
19(8 hrs . ) ; 30 (16 hrs. ) 
20(8 hrs . ) ; 30 (16 hrs. ) 
25(22 hrs . ) ; 40 (2 hrs. ) 
64 . 5  
17. 5 
27.2 
39. 0 
11. 7 26. 6 1 42. 5 44. b 
77 , 5  91. 4 91. 7 92. 0 
82. 5 
61. 5  
35. 4 
49. 5 
61 .2  
39. 0 
Average of 2-year-old seed at 15-30, 
55. 6 
54. o 61. 0 
50. 3 
1. 5 3. 0 
86. 8 89 . 0  
82. 2 87. 7 
40. 0 45. 0 
79. 0 82. 2 
83. 0 88. 5 
49. 7 58 . 5  
19-30, and 20-30 alternating temperatures 
Average of 1-year-old seed at 15- 30 and 
20-30 alternating temperatures 
Average of fresh, 1- and 2-year-old seed at 
83. 0 87. 5 87. 7 
61 ! 8  62. 2 
3. 3 
89 . 5 
88 . 5  
47 . 5  
83. 3 
90 .0  
58 . 5  
� - 5 
. 9a' . 5 
88 . 5  
49. 8 
·83 . 6  
90 . 0  
90 . 8  
84 . o  
15-30, 19-30, and 20-30 alternating temperatures 
88 . 7  
I 75 • 4 
1 11 . 3 
Table 15 . Analysis of Variance of Total Germination of C. arvense Seed 
of Three Different Ages at an Alternating Temperature of 
20 and 30° c .�/ 
. . Source of variation 
�eplications 
Ages � 2 yrs . ,  1 yr . ,  freshly harvested 
Error 
Total 
d. f . 
I 
3 
2 
6 
11 
M . S .  
16 . 66 
2125. 09**  
14 . 08 
198 . 61 
!,/ Alternating temperature of 20° C. for 16 hrs . and 30� C .  for 8 hrs . 
** Significant at 0 . 5% .  
Table 16. 
t
957 , 
I I 
37 
Analysis of Var iance of Total Germination of 2-year-old ,  
C. arvense Seed at Alternating Temperatures of 19 to 
20° C. and 30° C. with Various Periodicities 1 
Source of variation d . f. M. S. 
Repiications 
Alternating temperatures with varying 
periodicities ;  19 (8 hrs. ) and 30 (16 hrs. ) ° C. , 
I 20 (16 hrs. ) and 30 (8 hrs. ) ° C. , and 20 (8 hrs. ) 
and 30 (16 hrs. ) ° C. 
Error 
Total 
. I 
I I 
3 
11 
· 22. 3 3  
53. 09 
26 . 75 
30. 33  
1
The total germination of 2-year-old seed was 5 to 7 per cent 
greater at the alternating 20 - 30° C. (Table 14) than at a constant 
I 
30° C . ,  while that of 1-year-old seed was 12 per ceni !&ra�er at the 
alternating 15 - 30 and 38 per cent greater at altern�ting 20 - 30° C. , 
I 
(Table 14) than at a constant 30° C. , (Table 5) . 
I 
The germination of seed, 2-year-old , harvested in 1958 , at an 
alternating 20 ( 16 hrs. ) and 30 ( 8 hrs. ) ° C. in 5,  10 , and 28 days I wa1s 
8.0 ,  26. 5 ,  and 34. 8 per cent respectively. 
The ·rate of germination also varied with the type of [temperature 
regime and age of seed. The rate expressed as a fraction of germination 
I 
in the first 21 days is recorded in Table 17. Two-year-old seed ger-
1 I 
minated the most rapidly at 20 ( 16 hrs. ) and 30 ( 8 hrs. ) ° C •
1, as 91 per 
I 
cent of the seed that germinated in 21 days had germinated during the 
first 5 days. The slowest germination occurred at the -lowest alter­
nating "temperatures of 15 and 20 ° C. The germinat ion at th is low tern-
. t · I f perature regime was spread over 8 weeks. The rate of germ1na ion o 
fresher seed was lower than that of the 2-year-old seed. 
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Table 17. The Rate of Germination of C. arvense Seed of Di fferent Ages 
at Alternating Temperatures on Paper Substrate Expressed 
as a Fraction of Total Germination 
Age 
of 
seed 
2 yrs. 
2 yrs. 
2 yrs. 
1 yr. 
2 yrs. 
3 yrs. 
2 yrs. 
1 yr. 
Fresh 
2 yrs. 
· 2 yrs. 
2 yrs. 
Type of alternating 
temperatures in ° c . 
15 (8 hrs. ) ; 20 (16 hrs. ) 
15 (16 hrs. ) ; 30 (8 hrs. ) 
15 (8 hrs. ) ; 30 (16 hrs. ) 
15 (16 hrs. ) ; 30 (8 hrs. ) 
20 (8 hrs. ) ; 25 (16 hrs. ) 
20 (16 hrs . ) ; 30 (8 hrs. ) 
20 (16 hrs. ) ; 30 (8 hrs. ) 
· 20 ( 16 hrs . ) ;  30 ( 8 hrs. ) 
20 (16 hrs. ) ; 30 (8 hrs. ) 
19 (8 hrs. ) ; 30 (16 hrs. ) 
20(8 hrs.) ; 30 (16 hrs. ) 
25(22 hrs . ) ; 40 (2 hrs. ) 
Average of germination rate of 
2-year-old seed 
Average of germination rate of 
seed from freshly harvested 
to 3 years of age 
Germination expressed as a fraction 
of total germination 
5 7 10 14 21 days 
. 28 .63 1.00 
. 70 . 84 1 . 00 1.00 
. 20 .64 .95 1.00 
.42 .87 . 98 .99 1.00 
I --
. 34 .86 .94 1.00 
. 91 .96 . 98 ! .99 JL . oo 
c 70 .93 .99 1 . 00 1 . 00 
.71 . 80 . 90 - 97 1 . 00 
e 59 .94 .98 .99 1 . 00 
. 68 .92 .98
1 
L OO 1 . 00 
. 67 .85 1 . 00 1 . 00 1. 00 
. 63 .85 .87 
. 61 . 72 .87 
The variation in germination among four replicates of 
seed of 
these different ages ranged from 6 to 10 per cent at th1e end of 3 
weeks. 
A seventh series  of experiments at partially controllrd but 
I 1 11 
somewhat variable temP-eratures· was carried out at room and greenhouse 
I 
I 
temperatures . 
T.he germination of seed, varying in age from freshly harvested 
h 
• I 
to t ree years in age, stored dry at room temperature, was �term1ned 
at room temperature in the dark or semi-darkness . 
. I 
I I 
I I 
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The germination at room t emperature of seed, all harvested ! from 
the 1 same patch every year is given in Table 18. The genni!ation of the 
I 
seed was higher for older s eed up to the age of 2 years l;mt was lower 
for 3-year-old s eed. I 
I 
I I 
Table 18. Germinat ion of C .  arvense  Seed in the Dark at R?om 
Temperature 
Age of Nature Number 
seed* of . of Per cent germination in 
in years storage seeds 5 10 14 31 daYis 
3 Open, dry 400 1. 8 12. 5 12. 5 14. o 
room 
. temperature 
Open, dry 400 34. 3 38. 0  38. 0  �0. 3 
room 
temperature 
Open, dry 400 18. 3 19. 2 19. 2 19. 5 
room 
t emperature I 
0 Freshly • 400 0. 7 2. 7 3. 0 4 . 5  
harvested 
* Seed harvested from the s ame patch every year. 
The effect of greenhous e t emperatures on gennination of s eed 
with paper as  a substrate was tested on (blue) blotting paper in 
covered dishes (12 x 12 cm.) on the surface of the soil on greenhous e 
benches. These  tests were also designed to act as cohtrols for germin-
' I 
. ation and emergence of s eed in soil. 
I 
�e t emperatures at the base of the germination dishes (at 2 nnn. 
below the soil surface) were measured and recorded at 1 p. m. daily. 
I 
Sample �easurements of temperatures were also made of diurnal variations 
in .the t emne a 
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The germination of ed on blottin paper at greenpouse temper-
atures is recorded in Table 19 . The total germination ?f pretreated 
and untreated seed of different ages was of an equal order of magnitude 
except for seed that was less than a week old . The rates of lgennina-
1 
tion of the untreated and pretreated seed were approx�mately of equal 
value. The total germination of 6-day-old seed was low as well as , the 
rate of germin�tion and it  was continuous over a 6-week period . 
' Table 19. Germination of C .  arvense Seed on Paper Substrate in  the 
Dark at-Greenhouse Temperature* 
Age Type of 
of Year of Type of pretreat- Per cent 
f
ermina
�
ion in 
seed harvest storage ment 7 1 2 44 dars 
1 year 1956 Open, dry, None 65 . 2  68.7 70.0 70.0 
room 
temperature 
62. 7 64.o I 64.7 65.2 1 year 1956 Open, dry, Cold 7 
room days, light 
temperature 3 days 
6 d�s 1957 None None 2.2 4 . � 5. 0 i 1
5
-
2 
32 d�s 1957 Open, dry None 61.0 75.0 75 , 5  75. 7 
room 
temperature I 
0 years 1957 Open, dry Cold 7 59 . 2  63 . 8  64 . o  64 . 5  
room days , light 
temperature 3 days 
* The temperature that prevailed at the base of the g�rmination dishes 
· as measured in the soil 2 mm. below the surface with a mercunr ther­
mometer • . The temperatures had considerable diurnal variatioh, the 
median range being 20 to 25° C. 
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I I The greenhouse temp ratures were the result of artificlial heat-
ing, ventilation, and solar radiation which varied around 20° C. The 
greenhouse temperatures, as measured by a mercury thermometer in soil 
at 2 mm . below the surface , affecting the germination dishes had a 
diurnal variation which had fluctuations whose extremes were at least 
as low as 12° C., and as high as 47° C., in August and September, 1957, 
Table 20 . The higher temperatures of the day, at 1 p.m . in three weeks 
averaged 27.8° C. while the lower temperatures of the l day at 8 a.m . 
averaged 17. 5° C. The weekly averages of the highs at ) p. m varied 
from 26.9 to 28 . 4° C. while the weekly averages of th� lows at 8 a . m. 
varied from 14. 6 to 19 . 3° C. The range of temperature differences 
I 
between highs at 1 p . m .  and lows at 8 a . m. ranged from a few degrees to 
2p0 , C. The 8 a . m .  temperature was a 1.19 multiple of the minimum at 
about 7 a.m . The 1 p . m. temperature was a 0 , 959 multip1e �f the maxit 
mum at approximately 3 p . m. while the 5 p.m. temperature was a 1 . 92 
multiple of the 1 p.m. temperature . Thus, there was a period of fairly 
I 
I 
high, quite constant temperature from 1 p.m. to 5 p.m . ,  with a peak of 
I I 
only a few degrees Centigrade and a period of low temperature from 10 
p . m. to 7 a . m., also fairly constant, with a drop of only a . few (approx-
! 
imately 1 to 3) degrees Centigrade . 
The frequency distribution of the high temperatures at 1 p . m .  
during the first 3 weeks of the germination tests arranged in groups of 
ranges from 21 - 25° C .  to reater than 35
° C., showed tti�t these 
temperatures were about 30° c .  50 per cent of the time but there was no 
consistent pattern, Table 21 . 
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Table 20. Temperatures at the Base of Germination Dishes on Greenhouse 
Bench at Intervals During the Day and Evening in A�gust 
and September, 1957* 
Time Temperature at base of germination dish�s in degrees 
of cent igrade during 
Dar 1st week Average 2nd week Average 3rg week Average 
8 a . m .  20 20 18 19. 3 15 16 18 26 18 . 6 13  15 18 18 14. 6 
1 p. m. 28 23 30 26. 9 18 19 30 47  28 . 4 23 33 26 31 28. 2 
5 p.m. 24 22 26 24. 2 19 20 25 32 24. 6 24 25 21 27 24. 3 9 p . m .  17 17 19 17. 3 17 17 19 26 19. 8 18 20 20 16 18. 4 
* Temperatures as measured by a mercury thermometer in soil at 2 mm. 
below the surface. Durat ion of period of temperature meas�rements was 
11 days. 
Table 21. The Frequency Distribution of Temperature Ranges, in Days, 
of the Temperature at the Base of the Germination D�shes, 
. Dur.at ion 
of 
period 21 - 25° c .  
First 7 
days . 0 days 
First 14 
days 1 day 
First 22 
days 4 days 
on the Greenhouse Bench* 
Tem:eerature ranges at 1 
25 - 30° c .  30 - 35° c .  
2 days 4 days 
4 days 8 days 
7 days 10 days 
J2 , ID .  
Greater tran 
1 day 
j l day 
I 
1 l day 
35° c .  
* The temperature as measured by a mercury thermometer in �oil at 2 mm .  
below the surface during the period of the germination test1 • I I 
I 
There was an alternation of high and low temperatures daily with 
durat ions of high temperatures that varied from 11 hours for 21 ° 1 C • to 
I 
only one hour for 36° C .  during the first week of the germiration 
tests, Table 22. The durat i ons of temperatures of 3f
0 Q. or rno�e were 
. I I 
three hours or less . The avera e duration of temperatures �aried from 
8 . 2  hours for the range of 21 to 25° C .  to 3. 2 hours lfor I the ra ke of 
1 1  
31 to 35° C. 
Table 22. Frequency Distribution of the Duration, in Houris of Tempera­
tµres Greater than 20° C. in the Range of 21 to 36° C. of the 
Temperature at the Base of the Germination Dishes on 
Temperatures 
in o C .  
21 
�2 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
the Greenhouse Bench* 
Duration 
in hours Range 
11 21 to 25 
8 
8 
8 
6 
4 26 to 30 
4 
5 
5 
4 
7 31 to 35 
3 
3 
2 
1 
1 36 and more 
Av�rage duration 
per �egree of 
re,ng� 
� - 2 
4 . 4  
I 
3 . 2 
1 
* The temperature as measured by mercury thermometers in soil at 2 mm .  
below the surface in the first 7 days of the germination test. 
I 
The frequency distribution of daily high temperatures in the 
range of 21 to 36° c .  was 5 days with 9 to 10 hours of these tempera­
tures d!!,ily, during the first week and similar patterµs of frequency 
distributions of such daily high temperatures in the
1 first two and 
I I 
. three weeks, Table 23 . 
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Table 23. Distribution of the Various Daily Durations of the Tempera­
ture Range of 21 to 36° C . of the Temperature at thej Base of 
I the Germination Di hes on the Greenhouse Bench During 
the Higher Temperature Period of the Day* I 
Number of hours per day with temperatures 
in the range of 21-36° C. 
Duration 
of 
period 6 7 8 9 10 11 12 13 19 
First 7 days 
Number 
First 14 days of 
days 
First 22 days 
0 
1 
2 
0 
1 
3 
0 
0 
2 
2 
3 
4 
3 
4 
4 
0 
2 
4 
1 
1 ' 
1 
0 
1 
1 
1 
1 
1 
* The temperature was measured by mercury thermometers in  soil at 2 
below the surface. Temperatures in the range of 21 to 36° C. were 
conducive to a high degree of germination. 
mm. 
I I • The germination of seed at room temperature was app�eciable, 
greater than at a constant 20° C. , and approximately of the magnitude 
I 
of germination at a constant 25° C. Room temperature fluctuated from a 
base of about 22° C .  and during summer months reached 25 to 1 3o° C. 
during the day. Germination at greenhouse temperatures ' wf� considerably 
gre�ter and approached that of alternating temperature regimes such as 
15· - 30° C. The characteri stics of greenhouse temperature regimes that 
resembled the alternating temperatures were temperatures greater than 
I I 
20° C , for certain, although variable, durations  of time. I nie me�sure-
\ ments of temperature at intervals during the solar
1 day ov�i a period of 
I I 
-
many days provided data on the magnitude of these higher teJperatures 
I I 
together with their duration, as recorded in Tables 21, 22, and 2 3. 
· Thea� temperature duration values of greenhouse temperatures can be , 
I 
summated and compared to s imilar summations for spec i fi c  alt ern ating 
I 
temperature regime� . Ther fore a unit for the measurement of the effect 
of heat or temperature in a certain period of time was devised, th� 
degree-centigrade-hour . The degree-centigr de-hour ( D.C.H.) , a thermal 
unit, is  defined as the amount of heat required to raise the tempera­
ture one degree centigrade and keep that body at that 1 temperature for 
one hour . This thermal time unit was then used as the . iteans 
1
of meas-
,1 
urement and comparison of the amount of heat generated by the various 
temperature regimes used in germination tests. 
I The magnitudes of the totals of degree-centigrade-hours gener-
�ted in the greenhouse and under various laboratory temperature regimes 
and, also, the resulting germination of 1- and 2-year�oid �eed that hfd 
been stored dry at room temperature are recorded in the Appendix,, Table 
1. Germination at constant temperatures varied directly with the number 
of D. C . H. greater than 20° C .  but at alternating temperatures an� pre­
treatments at high temperatures for germination at 2o'° C .  , ' the germina-
I I 
tion was affected less by the magnitude of D . C. H .  greater than 20° C. 
and more by the type of alternating temperature regime . A minimum of 
840 D. C. H . in 7 days at a temperature greater than 20° c . · was required 
to get appreciable germination .  Seven-hundred and twenty D . C . H .  gener­
ated by 3 days at 30° c .  resulted in 77. 3 per cent germirlation of 2-
year-old seed in 10 days while 240 D . C . H. generated by . an alternating 
· '  
29 - 30° C. i n  3 days resulted i n  germination of equal .magnitude. 
I 
Temperature alternations used in the laboratory and greenhouse tempera-
tures with diurnal variations and particularly alternat ioq of 
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temperatures followed by a constant temperature of 20° C. , resulted in 
I I 
high germination with comparatively low expenditure of heat energy. 
The effect of di ffe rent kinds of paper substrate on the ge
.
rmina­
tion of the seed at constant temperatures was determined in the lighth 
series of experiments. 
The type of substrate had an appreciable effect on the ,germina­
tion of the seed at 20° C. The germination of the seed _ w�th blue 
blotting paper as a substrate at a constant 20° C .  was generally less 
than 5 per cent but with filter paper as a substrate 15 to 25 per cent 
of the seed, ranging in age from freshly harvested to 2 years, germin-
ated within 2 weeks, Table 24. For seed of all 3 ages the germination 1 
on filter paper was much greater than on blotting papers. 
Table 24. Germination of C .  arvense Seed at a Constant 1 Temperature of 
20° c. on Two Different Substrates 
Age of Type of 
seed · substrate 5 7 10 14 21 28 dai:s 
2 yrs . Blue blotting 0. 0 0. 0 1. 3 1. 7 2. 3 3. 0 
paper 1
· 25. 5 
I 
. 2 yrs . Filter paper 0. 5 2. 5 10. 7 23. 4 26. 2 
l yr. Blue blotting 0. 0 0. 0 0. 0 o . 8  1. 5 2. 0 
paper 
l yr. Filter paper 0. 0 5. 5 17. 0  31. 2 32 . 2  
Freshly Blue blotting 0. 0 o . o  0. 0 0. 3 · 0. 5 0 . 5  
harvested paper 
Freshly Filter paper 4. o 10. 0 25. 0 27. 3  
harvested 
I • 
However, there was a noticeable difference in that fres9ly-harvested 
I 
seed germinated more rapidly on filter paper than older seed. 
A ninth series of germination experiments were conducted on seed 
that had been stored dry at low temperatures from the time of ha�vest. 
The effect of low temperatures and dry storage . on the germina-
l 
tion of freshly-harvested seed was determined by using se�eral tempera-
ture regimes to test the sprouting of 1- and 2-year-old . (1�58) seed, 
that had been stored at temperatures between -12° C. and 3° C. Some 
seed samples were pretreated at 30 and 35° C. for various periods of 
time and then germinated at 15 and 20° C. , others were tested under 
alternating temperatures of 15 - 30° C. or 20 - 30° C. , and still others 
were germinated at room temperature. Most of the tests were 1conducted· 
on ' blue blotting paper. The germination results are given in1 Table 25. 
The germination of 1- and 2-year-old seed stored lat -12 ° C. , was 
I 
low and very similar to that of freshly-harvested seed, except that 
I 
germination at alternating 20 - 30° C. was a great deal less than the 
germination of freshly-harvested seed at this temperature. The germina-
�ion of 2-year-old seed was considerably greater at the alternating 
15 - 30° C. than at the 20 - 30° C. , but less than freshly-harvested 
I 
seed that had been stored dry at room temperature before being tested 
I 
at the alternating 20 - 30° c .  Seed pretreated at 30 and 35° C. from 
12 hours to 4 dey-s and tested for germination at 15 and · 20
° C. had 
I 
germination equivalent to that at the alternating 15 - �0
° C. for the 
I 
24-hour to 4-day treatment but much less for 12-hour treatmen�s. The 
Table 25 . Germination of  19 58  C .  arvens e  Seed , St ored at Low Temperatures , on Blue Blotting Paper 
as i' Substrat e  at Controlled T emperatures * 
A.ge of 
seed 
1 year 
1 year 
2 years 
3 months 
1 year 
1 year 
15 mo s . 
2 years 
2 years 
2 years  
2 years 
2 years 
2 years 
2 years 
1 year 
· i_.·years 
2 years 
�e of 
s·torage 
-l2° C .  
-12°C .  
-12° C .  /. -7° C .  
-12° C .  
-12°C .  
-12° C .  I- 3° C .  
-12° C .  I- 3° C .  
-12° C . /- -7 °C .  
-12° C .  /- -7°C .  
-12°C .  /. -7° C .  
-12°C .  /. -7° C .  
-12° C .  /. -7°C .  
-12° C .  I- -7° C .  
-12° C .  /. -7°C .  
-12°C .  
-12° C .  /. -7°C .  
-12° C .  /. -7°C .  
Temperature regime 
20 °C .  const ant 
30° C .  constant 
15 °C .  const ant 
20- 30° C .  alternat ing 
20- 30 °C .  alternat ing 
20- 30° C .  alternat ing 
20- 30° C .  alternat ing 
15- 30 °C .  alternat ing 
20- 30 °C .  alt ernat ing 
Pret reated  at 30 ° C .  for 
12 hours-test ed  at 20 ° c .  
Pretreated  at 30 °C .  for 
12 hours-t e sted at 20 ° C .  
Pretreated  at 34° c .  for 
12 hours-t ested at 20° C .  
Pretreated at 30° C .  for 
24 hours -tested at 20° c .  
Pretreated  at 30 ° C .  for 
3 days-t e���d at 15 ° C .  
Pretreated at 30° C .  for 
3 days-=±...ested at 20° c .  
Pretreated at 30° C . -for 
3 days-t ested at 20° c .  
Pretr . at 3° C .  -7  da . & 
at 30 ° C . - 3 da . -t e st . at 
5 
11 . 3  
8 . 8  
10 . 0  
24 . 2  
O . Q_ 
2 5 . 8  
4 . 3  
20 ° c .  
7 
0 . 3  
1 . 0 
0 . 3  
9 . 0 
5 . 0 
13 . 0 
1 . 5 
12 . 8  
10 . 3  
10 . 0  
27 . 7  
11 . 3  
27 . 0  
4 . 5  
Per cent 
10 14 
germinat ion in 
0 . 5  0 . 8  
2 . 7 4 . 8  
0 . 3 0 . 3  
11 . 5  
1 . 0  
19 . 5 
2 . 0 
13 . 5  
11 . 3 
10 . 0  
29 . 0  
24 . o  
2. .-7 
27 . 0  
4 . 5  
4 . 0 
11 . 5  
9 . 0 
14 . o  
10 . 0  
29 . 8  
35 . 5 
27 . 2  
4 . 8 
21 . 28 da,rs 
o . 8  o . 8 
5 . 8  5 . 8  
0 . 3  0 . 3  
3 . 0 
8 . 5 
11 . 8  
10 . 3  
2 7 . 0 
9 . 3  
14 . 3  
10 . 0  
30 . 0  
35 . 5 
27 . 2  
5 . 0 
12 . 0  
8 . 5 
11 . 8  
1-7 . 8  
30 . 0  
3 5 -. 5 
2r.2 
5 . 0 
b weeks 
0 . 3  
32 . 0 
30 . 0  
35 . 5 
27 . 2  
5 . 0 
* Peiiodicit ie s  of -alt e rnat ing temperatures : high t emperature for 8 hours , low t emperature for 16 
hours . 3-month-old_seed was harvest ed in 19 59 from s ame pat ch as 19 5 8  s eed . , Storage in the cold .r::-­
was in the dry state . Storage at -l2/.3 °C .  was at -12° C .  for 6 mos . and the remainder o f  the time at 3° C . co 
germination of seed stored at -12 ° C .  for 6 months and later at 3° c .  
I 
had a somewhat more rapid but not much greater germination in total 
than seed stored at -12° C. 
The germination at room temperature of seed stored at L12° C. 
was 4.3 per cent in 10 days . 
The germination of the seed with filter paper as a substrate at 
a constant 20° _ c. was 6.o, 7.5, and 12 .0  per cent in 5, 7, and 10 days 
respectively. Although germination was low, it was higher than thit of 
·seed germinated at the same temperature on blotting paper and was simi­
lar to that of freshly-harvested seed stored at room temperature., 
Seed samples were collected in 1958 and stored for 1 fear at -12
° 
C .  and 1 year at -7 ° C. They were then pretreated at 35° C. for 24 
hours , 36 hours, and for 4 days before being germinated at 120° C. 
Germination percentages were 16.0, 2.5, and 49 at the ertd of 5 days and 
I 
35 . 5, 43.5, and 7 3  at the end of 2 weeks. 
Soil substrate. The effect of temperature and moisture 6n the 
germination of the seed in a soil substrate was determined py the use 
of constant and alternating temperatures and also varied moisture 
levels. 
The soil substrate together with the seed was placed in plastic 
germination dishes, 12 x 12 cm. and 3 cm. deep, ' with covers. Three 
parts of air-dry soil from the furrow slice (black) and· one part sand 
were used in most experiments. However , in one c�se,
1 
two parts black 
I I 
soil, one part sand, and one part manure were used . One hundred grams 
of son · were placed in the plastic di sh and water was added df suffi-
1 
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cient weight, with a small sprinkler, to bring the so il to the des ired . 
I 
moisture content. The s eed was then scattered on the surface o f thi s  
soil. Fifty g�ams o f soil were then added and leveled. 
In germinati on tests with s oil as a substrate, th� protrus i9n of 
the ( "crook") hypocotyl or stem of the seedling of 1 mm. or more above 
the surface of the soil was cons idered emergence. The percentag� of 
emergence of seedlings was the measure of the germination of 1 the seed. 
In one series of tests, four replicates of 1- and 1 1/2-year-old 
seed from the harvests of 1956 and 1957 that had been storetl dry at room 
temperature, were germinated in soil with moisture levells o f 20 ( approx­
imately field capacity), 10, or 5 per cent at constant temper!tures o f 
4, 20, and 30° C. 
The germinati on of 1 1/2-year-old seed i s  recorded irl Table 26. 
There was no germination at 4° C., very little germinati on at 20° C. , 
less than 20 per cent at 30° C. and moi sture at field capacity, and 
less than 10 per cent at moi sture levels o f 5 and 1� per cen,. 
In another series of tests 1- and 1 1/2-year-old seed was pre­
chilled and _ subjected to sunlight before being germinated in soil / con­
taining 5 1 lO , or 20 per c nt moisture t various �em�eratures . 
I I 
f d held at 18° C .  ( soil mixture The germination percentages o see 
contained manure ) are given in Table 27. 
I 
I 
51 
Table 26. Germination of _g_. arvense Seed in Soil at Three Constant 
Temperatures and at Three Moisture Levels* I 
Soil Days Per cent germination at temEeratures of 
moisture of 4° c .  
in per cent germination 
5 7 0.0 
10 0.0 
14 0.0 
21 o . o  
28 0.0 
49 0.0 
10 7 o . o  
10 o . o  
14 0.0 
21 o . o  
28 0.0 
49 0.0 
63 
70 
20 7 
10 o . o  
14 0.0 
21 0.0 
28 0.0 
49 o . o  
63 
I 70 
20° c .  
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.5 
0.8 
0.0 
0.5 
0.5 
1.5 
1.5 
1.5 
30° C. 
Test 1 
I 
0 . 7  
1.8 
3.0 
4.2 
5.3 
5.5 
9.0 
1 1
9 · 3 
II 8.0 
I 1 3. 7 
14.5 
15. 8 
16.5 
16.5 
17.3 
18.0 
Test 2 
2.7 
8.2 
9.0 
10.0 
10.3 
12.2 
14.7 
15.5 
Seed - 1 1 2 yrs. old, 1957 , 00 , stored in an open d 
room temperature. 
ontainer at
l 
Table 27. Effect of Varying Soil Moisture Content on Germination of 
Year-old , Pretreated* , C. arvense Seed in Soil at a Oonstant 
, Temp rature of 18° C ,  
Moisture 
level of 
soil 
20% (field capacity) 
10% 
--
5% 
Percentage of 
emergence in the 
first 10 days 
1 . 5  
14.2 
18.2 
Percentage of 
em�rgenpe in the 
first 31 days 
. I 2 .  o 
19.5 
22.2 
* Pretreatment - 1 week at 1 to 7° C. ; 3 days, daylight . 
, I. 
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Samples of 1 1/2-year-old seed were prechilled at 3 t? 4° c .  for 
1 week and subjected to sunlight for 3 days before be:l.nfl 
1placed i soil 
containing 5,  10 or 20 per cent moisture and germinated at temperatures 
of· 4, 20 or 30° C. The germination percentages are given in Tabl$ 28. 
' Table q8. Germination of Q. arvense Pretreated Seed in Soil at Three 
Constant Temperatures and Three Moisture ,Levels 
Soil Time 
moisture period ermination at 
in per in 20 
cent da;y:s Test 1 Test 2 Test 3 1 Test 1 Test 
5 0.0 0.0 0.0 
7 0.0 o.o o.o 
10 0.0 0.0 o.o 
14 0.0 0.0 0.0 
21 o. o o.o I 0.0 
28 0.0 0.0 0.0 
10 5 0.0 0.7 10.5 
7 0.0 2 . 7  12.0 
I 10 0.0 6.8 13.7 
14  0.0 7.0 13.7 
21 o.o 7.0 13.7 
28 0.0 7.0 1 3.7 
I 
20 5 0.0 0.0 3.7 37.7 27.4 
7 · 0 .0 o.o 10. 71 42.8 37.4 
10 0.0 0.0 14.7 4H.l 46 . 7  
14 0.0 0.0 14.o 16.5 46.8 48.5 
21 o.o 0.0 15.3 17.0 47.8 50.0 
28 0.3 0.0 15.9 11 . b  47.8 51.3 
1 Test 2 - 1 month later . 
There was little or no germination of seed at 4° . c . at any of 
the moisture levels. Likewise there was no 
taining only 5 per cent moisture. 
9ontaining 20 per cent moisture at 
The best 
30° c .  
germination in soil con-
germinati6n was in soil 
, I 
2* 
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The rate of germinat ion in soil at 30° C .  was l9w at both 10 and 
20 per cent moisture levels and still lower at 20° c .  I 
In a third series of xperiments 2-year-old seed 1a� tested, with 
an� without 3 days of light pretreatment at 30° C., in 1soil containing 
5, 10, 15, and 20 or 25 per cent moisture under four differlnt tempera­
tur� ·regimes ( 1) constant 20
° C .  , ( 2) constant 30° C .  , ( 3) alternating 
temperature of 15° c .  for 16 hours and 30° C .  for 8 houd and ( 4 )1 Jn I 
alternating 20° C. ( 16 hrs . )  and 30 ° C. ( 8 hrs.). The ge ination per-
I 
centages are given in Tables 29 and 30. The rate of germination is 
expressed as a fraction of total germination that occurred in
1 
14 or 21 
days 1 in Table 31. Analyses of variance of portions of the data shown 
I 
in Table 29 are given in Tables 32, 33, and 34, while . analyses of 
I 
variance of the data given in Table 30 are shown in Tables 35 and 36. 
I 
Germination percentages were low on soil containing 5 pe 1 cent I . I I 
moisture unless the seed was given a light pretreatmen� l Even with 
pret reatment germination did not rise above 25 per cent at 20 ° C. and 
34. 7 per cent at alternating 15 - 30 ° C. (Tables 29 and 30
j
) • At the 
other moisture levels the pretreated seed germinated better than the 
seed that did not receive the light treatment. The best germination on 
each moisture level was from pretreated seed germinate4 f
t 
1
constant 
20° C. or alternating 15 - 30° C. However, good germ�nation was 
I 
I 
obtained from pretreated seed  under all temperature regimes when soil 
I 
containea. 10 or more per cent moisture and from seed that was not pre-
treated but was germinated under alternating temperatures of 15 - p0
° 1 C • 
.. . 4" _  
Table 29 . 
Per 
cent 
soil 
moisture 
5 
10 
20 
25  
54 
Germination of 2-year-old, Untreated Q. arvense Sred in Soil 
under Four Temperature Regimes at Five Moisture Levels 
I \ I 
Days \ I  
of Per cent germination at temperatures of : 
germi- alt . alt . 
nation 20° C .  30° C .  15-30° C .  20-301 C .  
7 
10 
14 
21 
7 
10 
14 
21 
7 
10 
14 
21 
7 
10 
14 
21 
7 
10 
14 
21 
0 . 0*  
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 8  
1. 0 
1. 0 
0 . 0 
0 . 8  
1 . 0  
1. 3 
o . o  
0. 0 
0. 0 
0 . 0 
0 . 0 
0. 0 
0 . 0 
o . o  
7 . 3  
12 . 7  
14 . 5  
16 . 0  
5. 8 
9 . 0  
10. 0  
10 . 7  
0 . 0  
0 . 0  
0. 0 
0. 0 
42. 0  
53. 8 
67 . 0  
70. 0 
25 . 2  
43. 0 
56. 5 
68. o 
46.6 
55. 0 
61 . 5  
63.0  
59 . 5 
63 . 3  
70. 0  
72. 2 
0 . 0  
0 . 0  
0 . 0  
0 . 0 
. 34. 2 , 
52 e 7 
69 . 5  
1 72. 5 
34 . 5  
49. 0 
60 . 5  
\64 .  5 
* 1 replicate of 100 seeds tested - data not used in me�s or 
statistical analysis. 
I I 
Table 30 . Germination of 2-year-old C. arv nse Seed �retreated with 
Light before being Germinated under Four Temperature Re�1mes 
at Five Moisture Levels 
· -, 
Per 
cent 
soil 
moisture 
5 
10 
Days 
of 
germi­
nation 
5 
7 
10 
· 14 
5 
7 
10 
Per cent 
20° c .  
2.7* 
7.0 
20.2 
25.2 
germination at tem�eratures of : 
30° C. 15- 30° C .  20-30° C. 
12.2 
12.7 
13.7 
15. 2 
10.0 
28 .0  
32.7 
34 . 7  
I 
2. 5 
3 . 0  
3. (] 
4 . 0**  
'53 . 8 I 
62. 2 I 
63. 9 1 
Mean 
25 . 0  
14 
19.7 
38.0 
74 . 5  
82 . 5 
43.5 
48.5 
51 . 0  
53 . 5  
45. 0 
69 . 0  
75.0 
78.5 66 J 5  70 . 3  
15 
' 20 
\ I 
2 5  
Mean 
5 
7 
10 
14 
5 
7 
10 
14 
5 
7 
10 
14 
14 
65.5 
79.7 
83. 5 
85.6 
39.4 
62.3 
77. 0  
- TT. 8 
51. 0 
57.5 
74 . o  
75 . 0  
69 . 2  
45 . 1 
49. 0 
51. 7 
53.0 
63. 0  
69. 2 
73. 5  
77 . 0  
70 . 0  
71 . 2  
74 . 5  
75 . 0  
54 . 8  
86.5 
89.2 
91 . 5  
91 . 8 
65 .0* 
65 . 0  
65 . 0  
65 . 0  
68 . 3  
51 . 0  
57. 2 
5
1
8 .  5 
60 . 5  
7 3 l 5 
79 . 3 
81 . 1� 
83 . 0  
I 
48 . 8 
55 . 0  
58 . 3 
62. 2 
68 . 3  
I . 
* l replicate of 100 seeds tested] 
**Only 200 seeds tested J 
data not used in mean or 
statistical analysis 
I . r 
I , 
66 . 4  
82. 4 
55 
I '  
56 
Taqle 31 .  Rate of Germin tion of 2-year-old Q. arvense  Seed of 
Different Physiolo ical States in Soil at Various 
Temperature Regimes with Moisture 
Content at Different Levels 
Soil 
mois- Gerrni- Fraction of total germination in 14 days of 
ture nation light pretreated and in 21 days ot untreated 
Pre- in period seed at tern erat of I 
treatment per in 20 ° c .  30 ° c .  15 and 30 ° , C 20 and 30° C. 
of seed cent days ( 16 and 8 hrs. alternately) 
None 5 7 
10 
Light 5 5 0. 11 0. 80 0. 29 0 . 62 
7 0. 28 0. 83 0. 81 0. 75 
None 10 7 *0. 17 0 . 60 
10 o. 43 0. 77 
I I Light 10 5 0. 24 0. 81 0. 57 0. 81 
7 o. 46 0. 91 o. 88 0. 93 
None 15 7 o. 46 0. 37 
10 0. 80 0. 63 
Light 15 5 0. 77 o . 85 o. 83 
7 0. 93 0 . 93 0. 95 
I 
None 20  7 *0 . 51 0. 74 o. 47 
10 0. 87 0. 87 0. 73 
I 
Light 20 5 0. 51 0. 82 0. 95 0. 89 
7 o . Bo 0. 90 0. 97 0. 95 
None 25 7 0 . 54 0. 82 0. 54 
10 o . 84 o. 88 p .  16 
Light 2 5  5 o. 68 0. 93 1. 00 0. 79 
7 0. 77 0. 94 1. 00 0. 93 
• Seed 1 1/2 years old. 
Although rate of germination vari ed with temperature and soil 
I 
moisture, no one temperature treatment was superior at all moisture 
57 
levels and no moisture level was superior for all temperatures ( Tables 
29 ,  30, 31) . Germination was consistently slower und�r a constant 
20° C. than under the other temperature treatmen�s . ·  For seed pretreated 
with light, a large majority of the seed that germinated had done so in 
7 days. Although total germination in soil contairing 5 per cent mois­
ture was low, 75 to 83 per cent of the seed that germinate� 1 under con­
stant 30° C .  and alternating 15 - 30° C .  and 20 - 30° C .  had done so in 
7 days . I For the same temperatures about 90 per cent of the seed at 10 
or 15 per cent moisture had germinated and over 90 per 1 cent
1
had germi-
nated at 20 and 25 per cent moisture . 
I I 
Best germination was obtained under alternating temperatures. 
Ge;rmination of seed that was not pretreated with light was �ow under 
const�t temperature but was much higher under alternating temperatures 
in s
1
oil containing 10 to 25 per cent moisture (Table 2
1
9) · 1 It was I lowest 
\ at 20
° C. at constant temperatures. Statistically 1 there
1
faJ no 
di1fference . in the germination obtained at a constant 30° C. 
1
in 5 to 25 
per cent moisture levels and also no difference at 15 - 3Q0 l e �  or 
20 � 30° c .  in 20 or 25  per cent moi stur levels ( Tables 32 and 3 3 ) , and 
I I 
I 
there was no difference among moisture levels, after 10 days, under 
alternating 15 - 30° C .  (Table 34) . I · 
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Table 32. Anal�sis _
of Variance of the Effect of Soil Moisture Content 
on the Germination of 2-year-old C .  arv nse Seed in Soil at � 
Constant Temperatu�e of 30 ° C .  I . I I I 
I 
Source of variation 
Replications 
Moisture content of 5, 15, and 25% 
Error 
Total 
d . f. 
3 
2 
6 
11 
I 
M.S. 
lll f 64 
339. 59 
157. 81 
178 , 27 
Table 3 3. The Analysis of Variance of the Effect of :Alternating Tem­
peratures on the Germination of 2-year-old _g_. arvense /seed in 
Soil at Moisture Contents of 20 and 25 per cent 
Germination at moisture content of 
Source of variation 
Replications 
Treatment 
Temperature alternating at 
15 and 30° C. and 20 and 
30° C. for 16 and 8 hrs. , 
respectively 
Error 
Total 
d.f. 
3 
1 
3 
7 
20 per cent 25 per cent 
M.S. M.S. 
64.33 189.50 
128 . 00 180. 50 , 
I 
91. 00 212 . 17 
84.86 197.93 
Table 34. The Analy:sis of Variance of the Effect qf Soil Moisture 
Content on the Germination of 2-year-old _g_. arvense 1 Seed 
at an Alternating Temperature of 15 and 30 ° C. 
Ge:nnination in 
5 days 10 days 14 days 
Source · of variation d , f ,  M . S ,  M , S ,  M , S .  
Replications 3 17.16 3.00 11. 17 
Treatment 
Moisture content 10, 3 402.16** 276. 50 143. 00 
15, 20, and 25% 
179 - 117 2 34.11 Error 9 28 . 00 
Total 15 100.66 163 1· 40 140. 47  
** Significant at O. 5%. I I 
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The data on Table 30 and the overall stati9tical analysis in 
Table 35 show that germination was significantly lower und�r constant 
temperature than under alternating temperatures. However, they also  
show that germination under constant 30° C .  was signif�cantly lower than 
germination under constant 20 ° C. Germination was statistiJally the 
same under the two alternating temperatures and was very s �milar to 
that obtained under a constant 20° C . ,  indicating that the only differ-
ence due to various temperature regimes may have been a , res1t of a 
lower . imbibition of water at a constant 30° C. 
Best germination was under good moisture condition$. Germina-
. n I tion in soil at field capacity _or above was significantly 1 �igher than 
in
1 
soil with les s  mois ture. Likewise germination was signi�icantly 
higher in soil containing 20 per cent moisture than in soil �ith 25 per 
cent 
1
moisture. Germination in soil containing 5 per cent moisture �as 
I 
lower than that in soil containing 10 or 15  per cent moisture. 
The second order interactions of the statistical l analysi� are 
given in Table 36 . 
I . I I I I 
A significant F value (Table 36 ) for the second , ��der interac-
tion indicates that germination may have been highest in one
1 soil mois-
ture condition under one temperature regime , but was highej
t in another 
· soir mo� sture condition under another temperature regime. At constant 
20° C . and alternating 15 - 30° C., germination was sigrtificantly 
• I 
higher irf soil with moisture at or above field capaci}y j than at lower 
I I 
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levels , Likewi se at constant 20° C. and alternating 15 1 30° C. ger-
1 
I I mination was significantly lower in soil containing 5 per cent moi s -
ture than in soil containin 1 0  or 15 per cent moisture. 
Table 35 , Analys i s  of Variance of the Germination of 2-year-old 1 Light ­
Pretreated C. arven se Seed in Soil at Varied. Temperatures 
and Moisture Contents I ' 
Source of variation 
Replications 
Temperatures 
Constant vs . alternating temperatures 
20° C. constant vs. 30° C .  constant 
15 - 30° C. alt. vs. 20 - 30° C. alt. 
Error ( a) Replicates x Temperatures 
Moisture Content 
· Field capacity or above vs . 
below field capacity 
20% vs. 25% moisture content 
5% vs. 15% moisture content 
10% vs. 15% moisture content 
Temperature versus moi sture 
Error ( b) 
Replicates x Moisture 
Replicates x Temperature x Moisture 
Total 
* Signi ficant at 5% 
** Significant at · 2.5% 
*** Significant at 0.5% 
d.f. 
3 
3 
1 
1 
1 
9 
4 
1 
1 
1 
1 9 
12 
27 
67 
M.S. 
68.63 
8 32.18*** 
789.86*** 
1703.05*** 
3.64 
I 
I 
42.78 
6118.78*** · 
7062.36*** 
I 
1398.76*** 
15914.71*** 
I 74 . 30 
I 
343.10* 
181. 85
1 
124.26  
1340 .,29 
, , .' 
Table 36 . Analys i�  or Variance with Second Order Interactions  of the Germinat ion of 2-year�old 
Light-Pretreated C. arvense  Seed in Soil at Varied Temperatures and Moi sture Content 
Constant Constant Alternat ing Alt ernat ing 
20° c .  30° C .  1 5  - 30° C .  20 - 30° c .  
Source of  variation d . f .  M . S .  d . f .  M . S .  d . f .  M . S .  d . f .  M . S .  
Replicat ions 3 1114 . 98 3 1 5 . 73 3 86 . oo 3 22 5 . 56 
Moi sture Treatment 4 2727 . 08*** 4 2479 . 42*** 2 3640 . 09**� 3 425 . 73 
20 - 25% vs . 5 , 10 , 15% 1 243 . 67 1 6063 . 40*** 1 3408 . 17*** 
20% vs . 2 5% 1 2 5 3 . 1 3 1 2 5 . 00 
5% vs . 10 - 15% 1 7016 . 50*** 1 3850 . 67*** 1 3872 . 00*** 
10% vs . 15% 1 50 . 00 1 0 . 50 
Error 12 163 . 60 12 12 . 19 6 32 . 42 9 263 . 00 
Total 19 606 . 66 19 532 . 16 11 702 . 97 15  288 . 06  
***  Signi ficant at 0 . 5% 
O'\ 
j--J 
. I 
I I 
I I 
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The germination of s ed in soil vari d with the quantity of heat 
, per unit of time but varied much more with the type of high temperature 
treatment constant versus alternating. The time heat units generated 
at the four temperature regimes studied together wit�I t1e
1 
r
�
sulting 
germination are shown in Appendix, Table 2 .  
Ungerminated residues from several of the above tre�tments were 
placed under different environmental conditions and tested further. 
Ungerminated seed that h ad been pretreated with cold and light, and 
tested in soil at moisture contents of 5, 10, and 20 per cent moisture 
at 0° C. were placed on a greenhouse bench . At greenhouse temperatures 
l _ to 3 per cent of the seed sprouted in 10 days. Similar seJd that had 
been tested at -7° C. was subsequently tested at 18° C. At the end 1of 
a month 1 to 6 per cent of  the seed had germinated . 
Ungerminated ·seed from laboratory tests was 1 further tested by 
adding moisture or altering the temperature or both at the same time or 
in sequence. Seed that had failed to sprout in 3d days on moisture 
levels of 15 to 25 per cent at 4° C. and 20 ° C. germinated very poorly 
when put at constant 30° C .  or alternating 15 - 30° C., but over 85 per 
cent of the seed placed under alternating 20 - 30 ° C .  germinated in 7 
de.ya , Table 37 , Likewiee  1 5  to 20 per c nt of the s eds g- rminat ed at 
I 
constant 20° C. and 20 per cent moisture after failing 1 po grow under 
II I 
the saine temperature on 10 per cent moisture. Severat other residues 
failed to germinate under a different treatment. 
I , 
I 
Table 37 . Germinat ion of Ungerminated Res i dues of C .  arvense Seed ,  Unt reated and Pret reated , That Had Been Tes ted 
at Various Temperature Regimes and Moi sture-Levels , When Test ed at Other Temperature Regimes  and 
Moi sture Levels 
Per cent germinat ion of 
Number Pre- First treatment Durati on Second treatment wigerminated res i due in Total germi -
of treat- Temp . Moi sture 
seeds ment 12er cent 
400 None 4° c .  20 
400 None 20° c .  2 5  
200 None 20 c c .  1 5  
200 None 20° c .  2 5 
400 None 30° C .  10 
800 Cold , i. o c . , n  .L \., 
l i ght 
400 Noue 20° c .  10 
400 Light 20° c . 10 
400 Light 30°c .  5 
400 Li ght 30°c .  1 ,:i 
of first Germi - Temp . Moisture 3 
t reatment nation per cent da . 
4 mos . 
l mo . 
2 �710 f  . . 
C.. .. .  .i.v .. - • 
T.;�:s ' 
5 ::.. ' ;;  ::� s . 
c 1 r, 
.J- �:1C � 
2 8  -i :: .  
2 :-·, ; '.7. . 
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) . 0 Al� . 1 5 ( 1 6�r . ) 25 
& "3::: ( �:: 1· . ', 0 -� • 
_ , )  
r 
( . ( 
" ::, J . v 
e, _� ' 
7 ·-
c; --, 
/ I 
• 
rt:..� ' � ,-1 ; =-- r .  1.-. . ' !_ / 
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Seed, pretreated with cold and light , failed tb germinate when 
placed in soil  with 5 per cent moisture at 4 ° C. fdr 6 1/2 mbnths , or 
when moved to 30 ° C. for 1 month, but 8 . 6  and 13.5  per cent germination 
was obtained in 5 and 2 8  days respectively , when ,oisture content was 
increased to 20 per cent. Likewise seed, treated with colql and l ight, 
failed to germinate in soi l at 4° C. with moisture contents of 5 per 
I 
cent for 4 1/2 months and 20 per cent for 2 months, but sprouted 7 . 3  
per cent after the temperature was raised to 30 ° C. Ungermli.nated res1-
due of seed in soil with 5 per cent moisture at 20° C .  ,for 1 1
1 1/2  months· 
genninated 82 . 5  and 84 per cent in 8 and 22 days, respectively, when 
moisture content was increased to 20 per cent . When the unJerminated 
resid�e at 20° C. was placed at alternating 15-30° C. , 1 5. 2 per cent 
1 
germinated and resulted in a total germination of 88. 5 pqr cent i� 
/ I l j I 2 1 2 months under the three types of conditions. 
Seed that had a low degree of germination was furthe1 tested for 
gennination by allowing the substrate and seed to dry at rodm1 temper�-
, ture and then was remoistened which was followed by the same or an 
1 I I 
alternate temperature. Seed was also further tested by first altering 
moisture content and temperature and then followed by Jrying an.d 1 
remoistening . Seed , 1 1/2-year-old , in soi l  with 5 per cent
1 mo�sture 
. I I I l I 
at 4° C. germinated o . o  per cent in 7 weeks , when moi9t�re content was 
increased to 20 per cent . germinated 0. 0 per cent in 2 months, and when 
placed at 30° C. also germinated 0 . 0  per cent in 3 weeks. This m
1
aterial 
I I 
I I 
I 
was left to dry for a month at room temperature, then alternately 
The germination 
I 
moistened and dried for 5 days , and placed at 20° c .  
f 
was 4. 5 per cent in 5 days but only in one replicate. 
I • Seed in soil with 15 per cent moisture at 20° C. g,erminated 2 .  5 
I I 
per cent in a month, was then dried for a week at room temperature, 
remoistened and placed at 20° C. The ungerminated residue sprout·ed  
36 . 8  per cent in  12 days. Seed in soil with 25 per cent moisture at 
I 
20° C. , germinated 1. 0 per cent in 1 1/2 months, was then dried for a 
I 
/ 
week at room temperature, remoistened and placed at 20° C. , g�rminated 
17 . 5 and 34. 0 per cent in 5 and 12 days, respedi vely. 
. �
e ungerminated 
seed of one replicate (100) was further dried for two weeks, remoistened, 
and placed at 20° C. , germinated 13 per cent in 5 and 10 4ays. 
The ungerminated material of 2-year-old seed in soil that had 
I
I 
been at 15 per cent moisture content and 30° C. for 2 months, was alterT 
nately dried and remoistened at room temperature for 11 days, and ger-
minated 19. 7 per cent in 5 days and remained at 19. 7 per cent in 10 
I 
d�s during this drying-remoi stening period (most of  ge:pnination by two 
replicates under both treatments) . The material was ·remoi�tened to 15 
I 
per C€nt, placed at 20° C. , but there was no further germination . The 
total germination under various conditions was 35 per cent . 
The ungerminated residue of 2-year-old seed in sdil that ha! 
been at 25 per cent moisture- content and 30° C .  for 2 months, sprouted 
I 
31 . 8  per cent in 11 days at room temperature after having been dried 
.·. · ... , 
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and remoistened . The ungerminated residue was remoistened and placed 
at 20° C. and germinated 15 . 6  per cent in 14 days. The total germina­
tion under three types of conditions was 58 . 0  per cent. 
Field Experiments 
Canada thistle seed was planted in the field at four locations _ 
I 
in an attempt to correlate germination under field conditions with that 
I 
obtained in soil under greenhouse conditions. Four repticates were 
planted approximately every 2 weeks between June 24 and September 7 
I 
( 6  dates) near Brentfo d, Castlewood, and Gary, South Dakota in 1957, 
and at four sites (Brookings was added) between April 1 and October 31 
(14 dates) in 19 58. 
Soil temperature at O ( 2mm.), 1/2-, 1-, 2- � 3-, 4-, and 6-inch 
I 
depths and soil moisture at 1/2-, 1-, 3-, and 6-inch depths were deter-
mined at mid-day on each planting site. The bulb of a merc!ry thermom­
eter was placed at the various depths to determine temperature, while 
a 150-gram c·omposi te sample, obtained with a soil tube, for each depth, 
was loven dried to determine soil moisture content. Light readings were 
I 
taken between 12 a.m. and 1 p.m. 
All seeding was done on cultivated soil, kept weed-free by hand 
weeding. Most of it was done by scattering 100 seeds in each quadrant 
of a 2- x 2-feet or 15- x 22-inch plot, but some was done ,with 100 seeds 
planted_,..in a grid in a frame 27 inches square (Figurt 5). In all cases 
seed was covered to a depth of 1 cm. Seed pret,reated with dold and 
light and untr ated s ed  was 1 r s ed . 
succe s s ive plant ing  d te , on each 1J l •�' 
pi ck besi de i t . 
I ,  i '  •, 1 ,_ , ! · � ',. ' . ) l .. -;-.i "7.1 ·. ' �...t ..... : .r t  � 1 • !. ,: � : 1 
r' I t '  .l. 1 I "  
: ·  1 :- . (_ ' . 
Figure 5 . C. arvense Seed Germ i. rw./ i un Tes t: /' J o t s  i n  l h e: F : -=, .l c  . .  Ln  
Sout L Dal-:c.-t a 
Photographed at Castlewood , Sept PGl �  c·r :, .1/F)L 
The soil text ure at al l fo' t r  ::-: j t. <:: :_ w9..s ,,, l a:� -, j f .i ed a.s :1 loam .  
Soil moisture constants for the f i t t - r-ow :::: J i  · _· t· o r  so i l �;; s i rn i. l ar t o  thos e 
at the four sites were : fi e1d  c w , · � t i ty o f  ' ' 'i , 2 �� �  ; · i:3 , and 29  per cent  
and wilting poi nts of  1 l.1 ,  11 , J ( ) ,  · , r1 d  14 pr- · . · ent f (  · Brent , c1 �· 1t , 
Castlewood, Brook ings, · .r:d Gary � 1 ·  - �  r - e ct i vt: · . .-, . 1 
Calculated temper : ttur E o f ' l l 1 r: 1/2- i r , . : ,  deptb • . · · re det ermir  e 1 by 
-finding the average of U 1e  srunp l •" l r •mperat m· ,  �, meas 1red in the f i e l d  aL  
1
Soil moisture constan t s w r · , d term i n e  by 1 .  0 . F ine  for  Brent ­
ford , F .  C .  West in for Cast l ewo 'Jd , ,. r .. fL R unkl •2 s for Brook i ngs , t nd L . A . 
Dersch id for Gary , o f  the Agron c•rny Department of  South  Dakota St :1t -
Univers ity . 
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1 p . m .  and the cor ponding m� x j rnum ai r temp ratures for clear and for 
'cloudy days for perio d  of th scacon at each site . r he peri o ds fo r 
whi ch average C"oil and averac;e maximum temperatures were computed were : 
April  1 to May 15 , May 1 5  to August 30 , an d S pt ember . The r at io of the 
soi l  temperature to the m ximum air t emperatur e for each of the three 
periods was then calculated for each . ite for clear and for cloudy 
days . These rat ios were then used  to comput e the so il  temper ature at 
the t ime of maximum air temperatur e  for the days for when sample soi l  
temperatures had not been taken . The sampl e so il  temperatures together 
with the computed temperatures were then averaged for each b iweekly 
period . 
Readings of soil temperatures and moi sture for the upper 1 / 2- or 
1-in ch layer , the ra infall at each site , and the germinat ion i n  per cent 
of pret reated seed are given in Table 38 for 195 7 and Table 39 for 19 58 . 
The seasonal soil  temperature t r  nd as given by soil  temperatures at 6-
and 3-inch depths and the rain fall is  re corded in the Appendix , Tables 
3 and 4 .  
There was some mergencc o f  seedl i ngs j n  early July in 19 57 , 
Table 38 , of the late-June pJ ant ings o f  pretreated seed at all 3 sites . 
Emergence at all 3 si tes , within  2 weeks , was less than 1 per cent of 
the early-July , late-July , and early -August plantings . However , emer­
genc e in early September ranee d  from 9 to 35 per cent with in the first 
2 weeks after plant i ng . 
The germinat ion cont inue d  for a period of 4 weeks or longer at
 
Gary and to a lesser extent at Cast l ewood in July , August , and in  
�=-+ �_,.._ _ __ 1.. • •  .L.. .L.. 1.... - - .:l ..J � .- � �- � ,  ,.... ,::, -v>rr, ; n !=l + i nn w:=i.s less than 5 · per cent . The 
Table 38. Emergence of Pr reated One-year-old C. arvense sded Planted 
Bimonthly at T?ree Fi ld Locations in  1957 and t�e Soil 
Moisture and Temperature Readings 
Site 
Planting 
date 
Brentford June 26 
July 8 
July 23 
Aug. 5 
Aug. 19· 
Sept. 3 
Late Sept. * 
Castlewood June 24 
July 11 
July 24 
Aug. 8 
Aug. 26 
Sept. 7 
Late Sept. * 
Gary June 27 
July 10 
July 25 
Aug. 7 
Aug. 21 
Sept. 6 
Late Sept. * 
Emergence 
in per cent 
2 4 
weeks weeks 
4 . 3 
0 . 0 
0. 0 
0 . 0  
8 . 8  
0 . 3 
1. 5 
0 . 0  
0 . 0  
0 . 0  
31. 0 
0 . 0  
4 . 3 
0 . 3 
0 . 0  
0 . 0  
34 . 5  
0 . 0  
5. 0 
o . o  
0 . 0 
0. 0 
8. 8 
0. 8 
2. 3 
0. 0 
0. 3 
1. 8 
32. 5 
0. 0 
6. 8 
0. 3 
3 . 0 
1. 7 
37. 0 
4 . 5 
Soil temperatures 
� C .  at 1/2 inch 
Sample 
temp. 
29. 0 
40 . 5  
43 . 5· 
36. 5 
39 . 5 
23. 5 
31. 0 
42 . 0  
37 . 0  
48 . 0  
45 . 0  
31. 0 
23 . 9  
26 . 5  
39 . 0 
36 . 5  
37. 0  
34 . 5  
26. 5 
23. 1 
Ave. calc. 
biweekly 
temp. 
' 32. 9 
4o . 6  
42 . 4  
43. 0 
33. 9  
25. 7 
28. 0 
32. 8 
39. 8 
40 . 9  
41. 0 
31 . 4 1 
28. 5 
25. 5 
31. 8 
39. 3 
38. 8 
38. 6 
30. � 
26 . 6  
23. 6 
I 
Per cent 
soil 
moisture 
to 1-i�ch 
depth 
11. 0 
8. � 
8. 3 
4 . 6  
7. 2 
13. 6 
6. 3 
19. 7 
13. 1 
I 
7 . 6  
2. 8 
16 r 2  
13. 6 
19. 8 
19 . 5  
16. 9 
12. 9 
19. 5 
22 . 0  
I 
23. 1 
I 29. 2 
* $oil moisture and temperature readings taken, but no ·seed plant e d. 
I 
unusually high germination at Castlewood in lat e  August may have 
I I 
resulted from high rainfall ,  4 inches in August , (Appendix, Table 3) , 
and resulting lower temperatures and high moisture cont ent although 
quite high temperatures were reached on certain ·days. 
I 
I 
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In 1958 , planting was started in April, Table 39, but there was 
practically no emergence of  seedlings ( from pretreate� see�) at any of 
I 
the sites in April. By mid-May there was some emergence within 2 weeks 
I 
from material planted late in April while seed planted 1in early April 
had an emergence of 5 to 8 per cent . In late May there , was no emer-
gence from the early May plantings at any of the sites but at Castle­
wood the late April planting increased to 4 per cent. Irl early hue 
. I 
the emergence from the late May planting varied from 7 to1 �7 per cent. 
At Brookings there was also appreciable germination (8% ) of l material 
I I 
pl�nted a month earlier. Late June emergence varied from 5 tb 41 per 
cent
1
and there was some further emergence from earlier plantings. In 
I 
July there was some emergence in the first 2 weeks at . Gary and in the 
latier 2 weeks at Castlewood. In August emergence was less than 1 1 per 
cent. In early September emergence was 1 per cent or less at B
, 
1ntford, 
I ' I 
Castlewood, and Gary but more than 26 per cent at Broo�fngs. However, 
at Gary and Brookings, the planting of a month earlier emerged 14 to 18 
I 
per. cent . In late September there was 8 to 16 per cent em
r
rgence at 
Castle�ood, Brookings, and Gary. 
I 
The temperature diurnal wave of the 1/2-inch ( 1  cm.) depth at 
Brookings ,  one of the group of measures of temperatUije �1arjcteristics  
of the soil, was determined by hourly readings as rec�rded for late 
June and early July by Figure 6 .  
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Table 39 . Emergence of Pr treated One-year-old Canada Thistle Seed 
Planted at Four Field Locations in 1958 and Soil Moisture 
Temperatur , and Rainfall Readings 
Soil temperature P�r cent 
Emergence in ° c .  at 1/2 inch soil Rainfall 
per cent Ave. calc. moisture in 
Planting 2 4 Sample biweekly to 1-inch inches 
Site date weeks weeks temp. temp. depth bimonthly 
Brentford Early April 0 . 0  5. 3 20. 9 19. 3 26. 6 
Late April 20. 8 
Early May 0. 3 0. 3 25. 2 30. 8 6. 8 1. 8 
Late May 7. 0 12 . 0  32. 7 33. 3 4. 3 0. 5 
Early June 29. 8 _ I  1. 5 
Late June 34. 5 32. 5 13. 1  I o. 6 
Early July 0. 0 0. 0 33. 4 1. 4 
Late July 0 . 0 0. 0 33. 2 38. 9 5. 4 3. 8 
Early Aug. 0 . 0 0. 0 46. 4 47. 2 32. 0 0. 0 
Late Aug. 0 . 0 0. 0 39. 2 37. 9 4. 1 o. 4 
Early Sept. 0. 0 0. 0 40. 9 35. 9 6. 5 0. 5  
Late Sept. 0. 0 0. 0 30. 2 32. 7 2. 8 _ J  
Early Oct. 0. 0 29. 8 
Late Oct. 20. 8 20 . 5 2. 8 
Castl�wood Early April 18. 4 
Late April 1. 5 4. 2 12. 7 21. 9 18. 4' 
Early May 0. 0 0. 0 27. 4 33. 0 13. 4 0. 0 
Late May 2 7. 3 29.0  31. 1 36. 1 6. 9 0. 3 
Early June 40. 5 40. 5 28. 3 29. 4 15 . 4  1. 1 
Late June 0 . 0* 0. 0* 33. 5 31. 8 19. 8 1. 3 
Early July 3. 6* 3. 6* 31. 6 34. 8 9. 4 0. 8 
Late July 0. 0 o. o 33. 2 37. 8 21.1 2 1. 1 
Early Aug. 0. 0 0. 0 40. 0 47. 2 4. 4 1. 8 
Late Aug. 1. 0 6. 3 32. 3 37. 1 12. 3 0. 1 
Early Sept. 8. 3* 9. 9* 26. 4 35 � 2  �2. 3 0. 3 
Late Sept. 29. 3 30. 4 8. 2 I 
Early Oct. o. o 30. 4 
Late Oct . 21 . 1  5 . 8 
Brookings Early April 18. 9 
Late April 18. 1 23. 0  
14·. 2  
I 
�arly May 0. 0 8. 2 37. 8 34. 6  0. 00 
Late May 9. 5 9. 8 39. 0 37. 3 k s .  
4
' 
o . oo 
Early June 27. 8 31. 0 0. 3 2. 72 
Late June** o . o 0. 0 40. 1 32. 8 t 20. 9 1. 14 
Early July o . o 0. 0 37. 2 36. 2 38. 9 2. 91 
Late July** o . o 0. 0 37. 9 41. 2 24 ,. 9 0. 28  
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Table 39 . (continued ) 
Soil t mperature Per , cent 
Emergence in ° c .  at 1/2  inch soil Rainfall 
Eer cent Ave. calc. moisture in 
Planting 2 4 Sample biweekly to 11inch incpes 
Site date weeks weeks temE. temE · deEtli bimonthl::t: 
Brookings Early Aug. 0. 0 17 , 5 50 , 3 49 , 5  
I 
2.61 II o.43 
. Late Aug. 
--
26. 0 26. 0 39 . 3 41.0 8.3 0.59 
Early Sept. 9. 0 14. 5 34. 2 36. 2 24.9 1.3 4  
Late Sept. 0. 0 0 . 0  27. 6 32. 9 11. 1 0. 94 � 
Early Oct. 0. 0 30.0 32.3 4 . 3  0.00 
Late Oct. 22. 9 0.00 
I 
Gary Early April 0 . 0 7. 8 12. 1 20. 7 30. 2 
Late April rr . 4 19. 8 27. 3 
Early May 0. 0 0. 8 22. 2 29. 9 18. 8 q. 3 
Late May 32. 8 32 , 7 21.4 , o. 0 
Early June 4. 5* 4. 5* 22 . 3  28 , 4  23. 8 1. 2 
Late June 11. 5 13. 8 30 . 5  29 , 7  18. 2 
I 
I � •  5 
Early July 0. 0 0. 0 31. 8 32 . 8  � � ; i I .1 
Late July 0. 0 0. 5 34 , 5 36 . 2  21.4 o . 6  
Early Aug. 0. 5 14. o 42. 4 4 3. 4  8. 4 0 . 2  
Late Aug. 0. 5 0. 5 38. 7 35, 5  8 . 8  0. 3 
Early Sept. 16. 1* 17.2* 23. 3 31.2 18 . 5  21. 2  
Late Sept. 0 . 0 0. 0 30. 3 27.3 9. 2 0.1 
Early Oct. 0. 0 24. 5 26.9 7. 0 0.1 
Late Oct. 21. 2 19.7 7. 5 
* 800 seeds 
** 0.8 inch water added by sprinkler irrigation 9/3/�8.I 
I 
I 
The temperature wave for a 4-day period had 
I tempera-an average 
ture of 24 , 7° C. The diurnal waves of the succeeding 7 consecutive 
days were recorded by means of the essential points in Table 40. One 
day had an alternation close to 20 and 30 ° C. while th� other 6 dats 
had alternations with maxima which exceeded 35° C. 
Field germination o f  1-cm. depth plantings of  seed , of  all dif-
ferent ages kept in dry storage at room temperature when planted 
throughout the season, followed largely the same pattern. _ _ .as the ,. ·., 
• 
' 
J 
/ ' . 
_, _j 
I 
I 
I 
I 
/\ 
f 
I 
"-'; 
0 .......i---..i.-.1.--1.-J.........L...-4-....J._.....l.
0
__.__' __ ...... _;_ J. i __ 1 -·-·· ' i -- ____ _L_! .J. _J 
IIOVlt 6 "' .I 6 10 L 6 10 .l ft , rJ ,1_ ,< ,, ! J f ,c; 7 t, ') 1 .-, 
�/If �Jlf .IM ,J.,f -' '" .-•4; 1,1.. ,,,._., �.ii' 
W£,l rN1� 
CtMll)ITI0/11 SvnAy S ... , -, ,, .j ,.,,•,•;_J".'1:• 
73 Pigure 6 .  Cont inuous Record o f  �� t , i  1 ,,.'emr.,e ,· a� tr, :  r-1 t. Cmr: .. •h c:1_·.:_ r Ir� ct1 Depth on Four Consecut ive Day s i r: LHL e ,J unE. xi d Ea.,· .1y .T1.i � : T Ed . Brookings , E: ciuth D8..k <::T, a Table 40 . Soil Temperature at '11h rce- 1fo1_a· I n t ::;  va.Ls at Depth of _ ne­Half Inch in the Fi eld at Rr00Id r e s , f} ,) utl:i Dako ta , During Seven Consecut ive Day�  :n  U·. r.; F -= r.;t H&J. f o r  J'ul y 
DIV' Hour 
6 a . m .  9 a . m .  12 a . rn .  1 o . m .  6 p . m . 9 p . m .  1 2  p . m .  3 a . m .  Temperature in ° c .  lat 15 . 0  2nd 20 . 0  
3rd 16. 9 
4th 17 . 1  
5th 16. 2 6th 23 . 7 
7th 15 . 8  
30 . 3  2 8 . 2 27 . 1  
30 . 1  
32 . 0  
23 . 8  
23 . 4  
39 . 7  
37 . 8  
36 . 3 
39 . 2  4 3 . 0  27 . 0  
32 . 3  
42 . 9  40 . 2  39 . J 4 3 - 9  4 :-· . 7 31 . 0  39 - 9 37 . 0 35 , 0 3 3 ,  !; 37 , J  39 . 0 25 . 2  33 . 0 30 . o  28 . 0  26 . ?  30 . 2  31 . 8 20 . l  26 . 7 26 . 0 2 3. 2  22 . 4  25 . 6  27 . 0  19 . 2  22 . 8  21 . 0  18 . 0  19 . 0  20 . 1  25. 2 17 . 2  21 . 8  
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germination of the pretreat d seed at the four si}es 'in  eastern South 
Dakota, Tables 41, 42, 4 3, and 44. Germination in late Oct1ober, 1957, 
at Gary, of seed planted in late September , of 1-year-,old, 1956, 
I 
untreated seed was 0. 5 per cent ; freshly-harvested, cold- and light-
1 
treated seed , 1957, was 14 per cent but 1-year-old, 1956, cbld- and 
light-treated seed planted in early October did not emerge L I 
Additional observations on germination ' not fullYi given by Table 
39 are as follows : pretreated ( cold and light) seed pl�nteJ in  late 
May , at Brookings, germinated 9. 5 per cent during a 13-day period in 
late May and early June, 1958, when average temperature at 1 p. m. 1 was 
I� I 
26 . 0° C. , soil moisture content of 24. 8 per cent, and 2. 6 1 p.nches of 
, rain. During the next 10 days moisture increased to 30. 1 per cent and 
I 
temperature increased also ' but emergence was nil. Moisture 1content 
deer ased to 9. 4 per cent during the next 8 days and then increased
1 
to 
28 . 9  per cent in the succeedi ng 4 days. There was an additional 10. 0 
per , cent emergenc e on the twenty-fourth day after the tirst flu,sl:i of  
seedling emergence. 
I ' I  
A comparison of the rainfall at the site with th�t of the local 
weather station is given in the Appendix, Table 4 .  
I · 1  The average germination of pretreated seed at the seasonal soi 
l 
· .  · moistfilie content compared to departures of rainfall and air temperature 
I 
from long term averages is given in the Appendix, Table 5 .  
Table 41 . The Germination and Emergence of Seedlings of C .  arvense - Seed in  the F ield at Brentford , 
South Dakot a ,  in 1958*  
Soil tempe�ature and moi sture 
content during 1958 season Period and degree of germination and emergence Tot al 
Temp . Moisture Em.erg . Em.erg . Emerg . Em.e rg . emerg . 
in in per Date of in  per in per in  per in per in per 
Period o c .  cent Elanting Date cent Date  cent Date cent Date cent cent 
Early April 19. 3 26. 6 4/7/58  5 /24/58  0 . 5  6/1  
Late April 20 . 8  
Early May 30 . 8  6 . 8  5/ 3/58 5 /24 /58 4 . o  5 / 30 
Late May 33 . 3 4 . 3  5 /20/58  7/21/58 3 . 0 7/29 
Early June 29 . 8  
Late June 32 . 5  l3 . l  6/18/58 
Early July 33 . 4  
Late July 38 . 9  5 . 4  7/21/58  8/14/58  0 . 3  
Early August 47 .2 32 . 0  8/14/58  
Late August 37 . 9  4 . 1  8/25 /58 
Early September 35 . 9  6 . 5  9 / 3/58 
Late September 32 . 7  2 . 8  9/27/58 
Early October 29 . 8  - -
Late October 20 . 5  2 . 8  
Average - emergence in per cent , April  to mid-June 
Av:erage emergenc·e in per cent , . late J-une to early -October 
A�erage emergence in per- cent , April ..:t.o September 
Average emergence in per cent , April  to October 
0 . 8  6/24 0. 3 8/22 
0 . 3  6/18 1 . 5  6/24 
o . 8 8/5  0 . 3 8/25 
-
-
-
-
-
-
-
* 400 seeds planted at depth of 1 cm . at rate of _].00 seeds ( s c attere�) per sq . ft . 
Em.erg . - emergence . 
;, 
1 . 8  
0 . 8  
0 . 5 
3 . 3 
6 . 5  
4 . 5 
0 . 0 
0 . 3  
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
4 . 8  
0 . 04 
1 . 6  
1 . 5  
-...:J 
Vl 
Table 42. The Germination and Emergence of Seedl ings of  C. arvense Seed  in  the Field at Castlewood , 
South Dakota , in_l� 
Soi l  tempe�ature and moisture 
content during 19 58  season Period and degree of germinat ion and emergence Tot al 
Temp . Moi sture Emerg. Emerg . 
in in per Date of  in  per in  per 
Period oc . cent 12lant ing Date cent Date cent 
Early April 18 . 4  
Late Apri l  21. 9 18. 4 
Early May 33 . 0  13. 4 5/10/ 5 8  6/14 / 5 8  1. 5 6/21 
Late May 36 . 1  6 . 9  5 /27 / 5 8  6/17 / 58 0 . 8  6/21 
Early June 29 . 4 1.5 . 4  6/9 / 5 8  6/21 / 5 8  10 . 3 6/28 
Late June 31 . 8  l9 . 8  6/27 / 5 8  7 /27 / 58 1 . 8  
Early July 34. 8 9. 4  7 /9 / 58 9 /14 / 58 3 . 0  
Late July 37 . 8  2l . 2  7/27 / 5 8  9 /14/ 58  5 . 0  
Early August 47 . 2  4 . 4  8/14/ 58  9 / 18/ 58  1 . 0  
Late August 37 . 1  12 . 3  8 / 30 / 5 8  
Early September 35 .2 12 . 3  9 / 14 / 58 9 / 30 
Late September 30 . 4  8 . 2 9 /28/58  9 / 30 
Early October 30 . 4  - -
Late October 21. 1 5 . 8  
Averag.e emergence in  per cent , Apri l  t o  mid-June 
AveragE:;., emergence in per-cent , late June to-- early O ctober 
Average emergence in per cent, April  to SepTu�ber 
Average emergence in  per cent, April to O ctober 
0 . 8  
2 . 8 
2 . 0 
0 . 5 
0 . 8  
Emerg. 
in per 
Date cent 
' 
6/28 2. 5 
6/28 2 . 5 
Emerg . emerg . 
in  per in  per 
Date cent cent 
8/14  0 . 5  5 . 3 
6 . o  
12 . 3 
1. 8 
3 . 0 
5 - 5 
1 . 8  
0. 0 
0 . 0 
0 . 0 
0 . 0 
7 . 9  
1. 5 
3. 6 
3. 2 
* 400 s eeds planted at depth of 1 cm. at rate of 100 seeds ( s cattered) per sq . ft . 
-J 
O'\ 
Table 43 . The Germination and Emergence of Seedlings of C .  arvense Seed in t he Field at Brooking s , 
South Dakota ,  in 1958* 
Soil tempe�ature and moist ure 
content during 19 58  season Period and degree of  germination and emergence Total 
Temp . Moisture Emerg . Emerg . 
in in  per Date of  in per in  per 
Period o c . cent :elanting Date cent Date cent 
Early April 18 . 9  
Late April 23 . 0  
Early - May 34 . 6  14 .2  5 /4 /58 6/11/58 7 - 3  6/26 2 . 8  
Late May 37 - 3  8 . 4  5 /19/ 58 6/11 / 58 0 . 3  6/22 14 . 3  
Early June 31 . 0  20 . 3  
Late June 32 . 8  20 . 9  6/17/58 6/29 / 5 8  0 . 3 7/ 5 
Early July 36 . 2  28 . 9  7/1/ 58  7/13/ 58 0 . 3 
Late July 41 .2  24 . 9  **7/16/ 58 9/1 5 / 58 3 . 8  9 /22 
Early August 49 . 5  2 . 6  **8/ 4 / 58 9 /1 5 / 58 6 . 8  9 /22 
Late August 41 . 0  8 . 3  **8/23 / 58 9 / 1 5 / 58 14 . o 10/2 
Early September36 . 2  24 . 9  **9 /1 / 5 8  10/ 3 / 58 3 . 2  
Late September 32 . 9  11 . 1  9 /24 / 58 
Early October 32 . 3  4 . 3  
Late October 22 . 9  
Average emergence in per cent , April to mid-June 
Average -emergence in per cent , _ late -June t o  early October 
· -. �Average emergence in per cent ;- April to September 
Average emergence in per cent , April to October 
4 . o  
0 . 8  
0 . 3  
4 . 3  
* Seed planted at depth of  1 cm . ,  400 in frame of 55 x 31 cm . 
Emerg . 
in per 
Date  cent Date  
7/5  14 . 5  7/13 
6/26 3 . 5 7 /10 
7/11  28 . 3 7/16 
10/2 0 . 5 
Emerg . emerg . 
in per in per 
cent 
3 - 7  
2 . 5 
1 . 5  
cent 
28 . 3  
24 . o  
34 . o 
0 . 3 
5 . 0 
7 . 0  
18 . 3 
3 . 2  
0 . 0 
0 . 0 
4 . 8  
8 . 5  
1 3 . 3  
12 . b-
** Moistened with __o . 8  inch of water by sprinkler irrigation on 9 /3/ 58  in addition to  increase in 
soil moisture content by rain . 
Table 44 . The Germination_ and Emergence of _ Seedlings of C .  arvens e Seed in  the Field at Gary , 
South Dakota, in 1958* 
Soil temperature and moisture 
content during 1958 s eason 
Temp . Moisture 
in in per Date of 
Period ° C .  c ent planting 
Early April 20 . 7  30 . 2  
Late April 19 . 8  27.3 4/19 / 58  
Early May 29.9 18.8 5 / 5 / 5 8  
Lat e May 32 . 7  2 1.4 5 /18/ 58  
Early June 28 . 4  2 3 . 8 6/10 / 58 
Late June 29 . 7 18 . 2  6/2 5 / 58 
Early July 32 . 8 · 18 . 1  7/12/ 58  
Late July 36 . 2  21 . 4  '7 /27/ 5 8  
Early August 43.4 8 . 4  8/1 5 / 58 
Late August 35 - 5  8 . 8  8/2'7/ 58  
Early September 31 . 2  1 8 . 5  9 /1 5 / 58 
Lat e  Sept ember 2'7 . 3  9 . 2  9/26/ 58 
Early October 26 . 9  '7 . 0 
Late October 19 . 7  7 - 5 
Period and degree of germination and emergence Total 
Emerg . Em.erg . Emerg . Emerg . emerg . 
in per in  per in per in per in per 
Dat e c ent Date c ent Dat e c ent Date c ent c ent 
5 /16/ 58  12 . 0  6 /12 1.0 6/20 0 . 3 1 3 . 3  
5/22/ 58  3.5 6/20 8 . 0  11.5  
6/10/ 58  6.5 6/25  3.7 7/12  3 . 2  9 / 1 5  0 . 3 1 3.8 
6/20/ 58  1.8 7/ 12 6 . 7 7 /29 5 . 8 9 /1  o . 8 1 5 . 0 
7/12 / 58 2 3 . 2 7/27 1.0 2 4 . 2 
0 . 0 
0.0 
0 . 0  
0 . 0 
0 . 0 
0 . 0 
Average emergence in per c ent , April to mid-June - 13 . 4  
Aver�ge emergence in  per c e�t , late  June to early October - 3 . 0 
Average emergence in per c ent , April -to September 7 . 1_ 
Average emerge�ce i� ��r e€nt , April to -Gctober 6.4 - ---
* 400 seeds planted at aepth of 1 cm . at rat e of 100 ( s cattered) per square foot . 
� 
CD 
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The average temperatures for the several sttes · at various depths 
for various periods of time are given in the Appendix, Tab+� 6. The 
temperature diurnal maxima and ranges and temperature �radients are 
given in Appendix Tables 7 and 8, respectively. 
The magnitudes of soil temperature maxima at the l/2�inch 
( 1  cm.) depth and their occurrence at Brookings during �he 1 g�owing sea­
l 
son is recorded in the Appendix , Table 9. The distribution of soil 
temperatures, greater than 30° C. , and their durations at tJe 1/2-inch 
level. is given in the Appendix, Table 10. 
The type and distribution of precipitation at Broqkings i� 1958 
as a sample of characteristics
. 
of  precipitation in 1 South p�kota is 
given in the Appendix,- Table 11. 
. I 
I I 
. I 
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D pth Experiments 
Experiments to determine the depth at which seeds germinate and 
the depth from which seedlings emerge were carried out in the green-
house and in the field . Measurements on the hypocotyls of seedlings 
, . I 
were also made. 
In the greenhouse tests were carried out in steel greenhouse 
flats 5 5  x 31 cm . (21 1/2 x 12 x 2 1/2 in . )  and 6 ) 5 �d 9 cm . in depth 
I I 
for depth tests up to 4 cm . For depths greater than 4 cm . , greenhouse 
pots with dimensions of 18 cm . in depth and 18 cm . in 'diaqeter and 
"tin" cans 17 . 5 cm . in depth and 15 cm . in diameter ( lLgal . size) with 
drainage holes were used . 
I I 
The soil used was a mixture of two parts of soil ffrom the furrow 
slice (A horizon) , one part sand , and one part manure . 
1 
Both untreated and pretreated seed was used in this series of 
tests .  Four replicates of 100 were planted in each 
cate of 100  in a pot . Some of the plantings in the 
current with plantings in the field . 
I 
Depths tested ranged from 0 . 5  cm. to 10 . 0  cm . 
flat and one repli-
1 I 
flats were con-
I 
1 1 
Emergence of seedlings from depth of 10. 0 cm . was studied by 
placing sprouted seeds in the . soil and then removing the soiiJ- withih 7 
days (and at longer intervals) , counting the number t�jt developed ,  and 
mea'suriJ.?-_g the length of the hypocotyl . 
h I j . th The germination of seed in soil on a macro sc�le , 1 
sue �� in e 
I I 1 
greenhouse, was measured by the number of seedlings that emerged above 
I I 
the surface of  the soil , but i n  the case of depth experiment s in the 
greenhouse the soi l  was removed and seeds examined at inter'vals ( for 
gre
1
ater depths) . 
I • The germinat i on o f  1956  seed ( fresh ) , pretreated with col d  and 
light, in soil  as measured by the emergence of seedling! v�ried 
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directly with depth from 28 . 4 per cent at 0. 5 cm. to  l. 5 per cent· at 
3. 0 cm. , Table 4 5 . The germination of 19 57 seed ( fresh) , untreated and 
I 
pretreated with cold and l ight , at the various depths was not con s i st -
ent but there was appreciable emergence at 4 . o  cm . wni le the opt imum 
emergence appeared to  be between l and 2 cm . , Table 46 . The rate of 
I 
germination of  the 19 57 seed seemed to vary directly with depth , Table 
47 , The proport ion o f  the total emergence of seedl ings . from the 4. 0 
cm. depth ( of untreated 19 57 seed ) in les s  than 10 days was 5 per cent ; 
1 '  
in 10 days was 20 per cent , and in more than 10 days was 70 per cent. 
Table 4 5 . Germinati on of Pret reated , 19 56 , .Q_. arvense Fresh 1 Seed at 
. Greenhouse Temperatures and Moi st ure Content of Field Capacity * 
Depth of  soil  
in cm. 
0. 5 
1 . 0  
2. 0 
3. 0 
4 . o  
5. 0 
6 . o  
10 . 0-
at Various Depths in Soil I 
Percentage of  germination 
and emergence in first 10 
days ( 9-11 ) 
27 . 0  
7 , 0 
3 . 4 
1. 3 
0. 0 
0 . 5 
0. 3 
0 . 0 
Percenta�e of  germinat ion 
and emergence in first  
31  days 
28. 4 
19 , 0 
6 . 1 
1.' 5 
0. 0 
0 . 5 
0. 5 
0. 3 
* T�mperature - median range 20 to 25 ° C .  
:• ·�. I 
Tabie 46. Germination of r treated , 19 57 , c .  arvens e  Seed and Emer­
gence of Seedlings at Di fferent D pths in Soil  at Greetjhouse 
Temperatures with l oisture Cont ent at Fi eld C apacity* 
, Pretreatment 
of s eed* 
Cold 7 days , 
light 3 days 
None 
I 
None 
Cold 7 days , 
light 3 days 
None 
Cold 7 days , 
light 3 days 
None 
Cold 7 days , 
light 3 days 
Depth 
in cm. 
1. 0 
1. 0 
1. 0 
L O  
2 . 0  
2 . 0  
3 . 0  
4 . o  
4 . o  
4 . o  
5 . 0 
5. 0 
6. 0 
8. 0 
10. 0 
10. 0 
12 . 0  
Treatment 
block no. 
1 
2 
l 
2 
1 
2 
1 
2 
1 
2 
1 
2 
Per cent total 
germination 
and emergence 
64 . o 
15 . 3  
80 . 0 
70 . 3 
71. 3 
90 . 3 
14 . 7  
16 . 3 
6 . 3 
14 . o  
6 . 3 
1. 3 
0 . 3  
1 . 0  
0 . 0  
0 . 0 
0 . 0  
Average per c ent 
of 1otal gerr 
minatiofit and 
emerg
r
nce of 800 
seed� 
J 
39. 7 
7 5
1
. 2 
80. 8 
111. 3 
I \  II I 1 1 
3 . 8  
I o. o 
* Temperature s  with a medi an range of 20 to 25 ° C. , average 23
° c .  
: ' I 
Some emergence of s eedlings fr= depths of 6. 0 to l 1J. o cm. 
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oc curred from both the 19 56 and 19 57 harvest s but was 1. 0 �er cent or 
le� s 1• 
There was vecy litt le emergence from depths of ( " O  cm. or m1re 1 
from s eed of  various age s and pretreatment s. Results . are given �n 
Table 48J Light-pret reated  seed ( 1957 ) at a depth of 10. 0 cm. germi-
nated 49. 0 per cent within 8 days during the spring season. Untreated 
seed (2 yrs. old )  at a depth of 10 . 0  cm . germinated 4 4. 0  per cent in 8 
· y-... , 
�3 
Table 47 ·. 
��rmination �f f· rvense S ed and the Rate of Emergence of  
Seedlings at  Various Depths in Soil with Moisture Content 
at Field Capacity and at Greenhouse Temperatures* 
Type of 
pretreatment 
of seed 
None 
Cold & light 
Cold & light 
Cold & light 
Cold & light 
Dept!+ 
in cm . 
1. 0 
1 . 0  
2 . 0 
4. o 
Period of 
germination 
and 
emergence 
in days 
12 
14 
3 3  
5 
10 
12 
4 3 
4 
7 
15  
39 
6 
1 3  
4 3 
13  
16  
19 
5 4  
Per cent of 
Per cent of maxi�um �mergence 
germination attained 
I 
at end 
and of period of 
emergence observations 
8. 3 11 . 1  
64. 7 87. 0 
74. 5 100 . 0  
31. 3 49. 0  
59 . 0  92. 1 
60. 6 95 . o  
64. o 100. 0 
9 , 3 10. 3 
74. o 82 . 0  
88. 4 98 . 0  
90. 3 100. 0 
0 . 3 1. 8 
16. 3 I 1 100 , 0  
16. 3 II 100. 0 . 
0. 5 8. 0 
4. 3 68 . 4  
6. 3 100 . 0  
6. 3 100. 0 
* Median range of 20 to 25° C .  
I 
48. arvense Seed in Soil Tal:;,le Germination of C. at Grfenhouse Temper-
atures with Moisture Content at Field Capacity at D�pthsl Greater I 
than Maximum �epth of Emergence of the Species* 
Period of 
Pretreatment Depth time in Number Number of Per cent 
germination of seed in cm . da;zs of seeds re:elicate9 
Light, 3 days 10. 0 8-10 400 4 49. 0 
None 5. 0 3 3  400 4 1. 5 
None 7. 0 16 200 2 l .  O 
None 7. 0 10 1000 1 6 . 2  
None 7. 0 17 2000 2 6 . 1  
None 9. 0 10 300 3 17 . 0  
None 10. 0 8 100 1 44. 0 
* Seed - 2 yrs . old, 1957. 
Median range of temperatures, 20 to 25° C. 
.. ·., _ 
I I 
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day�. Seed left to germin te for more than 10 days before measurement 
I gene ally had a low percent ag� of seedlings . This was probaply due to 
a large proportion having died before the material was ! examined for 
germination . 
The characteristics of the temperature regimes
1 
in 
1
the gr�1Jnhouse 
I 1 1  
to which the controls at 1 . 0 cm. and the seed at various depths in soil  
were subjected are recorded in  the Appendix, Tables 12, 13, 14, lr, and 
16. 1 The general characteristics of the temperature regime� at 1. 0 cm. 
were qtlite similar to those recorded for the surface ( 2  mm.) in Tables 
20 , 21, 22, and 23. The summation of the thermal-time units to which 
I 
seed in soi l  was subj ected in the greenhouse is gived ih / thr Appendix, 
Ta,ble 17. 
Seed was planted at depths •of O to 5 cm. in the field  at 
Brookings in December and in the following late May to test the germi­
nation of seed and emergence of seedlings from various depths. ThJ 
results are recorded in Table 49. 
The emergence of seedlings from various depths of lat¢-fall  and 
spring-planted seed was maximum in number at 1 cm. , about 20 per cent 
I 
for both plantings in 1958 . The maximum depth for emergence was 3 cm. · 
I 1
1 
for the fall planti�g and 5 cm . for the spring plaqting .  There was 
germination at the surface of the fall planting but not for the spring 
planting. The gradation of emergence with depth WjaS s'teep for the fall . 
planting -but more gradual for the spring planting. The December plant-
ing had the greater part of  the emergence take place in early June when 
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Table 49. The Germination o _g_. arv nse ed and Emergence of Seed-lings at Diff�rent Depths in the Field at Brookings, �ou�h Dakota 
When Planted 1n  Late Fall and the Frost-Free Period 1in Spring 
Period Per cent germination of seed and 
Dates of in emergence of seedlings at deEths of 
Plantin� Observation s weeks 0 1 2 3 ,  4 5 cm. 
I 
12/ 5 / 57 4/1-4 /20/ 5 8  3 o . o  1. 0 0. 3 0. 3 ,0. 0 0. 0 
4 /21-5/1  4 0. 3 5 . 8 0. 3 b . 3  0. 0 0. 0 
5 /2- 5 /13 6 0. 3 7. 8 2. 5 : o .  3 o . q 0. 0 
5/14-6/8 9 0. 3 7. 8 2. 5 0. 3 0. 0 0. 0 
6/9-6/11 9 1/2 1. 8 17 , 3 2. 5 o . � 0. 0 0. 0 
6/12-6/18 10 1/2 2. 8 17 , 3  2. 5 0. 3 0. 0 0. 0 
6/19-6/26 11 1/2 3. 3 17. 3 2. 5 0. 3 0. 0 0. 0 
6/27-7/1  12 3. 3 17. 3 2. 5 0. 3 0. 0 0. 0 
7/2-7/ 5  12 1/2 3. 3  17 , 3  2. 5 0. 3 0. 0 0. 0 
7/6-8/16 20 3. 3 17. 3 2. 5 ·o . 3 0. 0 0. 0 
8/17-8 / 31 22 3 , 3 17. 3  2. 5 0. 3 0. 0 o . o  
9/1-9/7  2 3  3. 3 17. 3 2. 5 0. 3. 1 1 0. 0 o . o  
5/20 / 58 5 /20-6/8/ 58  2 1/2 0. 0 0. 0 0. 0 0. 0 0. 0 o . o 
6/9-6/11 3 0. 0 0. 3 0. 5 0. 5 0 0 0. 0 
6/12-6/26 5 0. 0 3. 7 4. 2 2. 0 0. 5 0. 3 
6/27-7/1 5 1/2 0. 0 17. 7  15. 0 8. 3 1 1 5 0. 3 
7 /2-7/ 5  6 0. 0 17 . 7 15. 0 8. 3 1. 5 0. 3 
7 /6-7/ 10 7 0. 0 20. 2 15. 0 8. B 1. 5 . 0. 3 
7 /11-7/13 7 1/2 0. 0 23. 8 15. 0 .8. 3 I 1. 5 0. 3 
7/14-8 / 5  11 o . o  23. 8 15. 0 8. 3 1. 5  0. 3 
8/6-8/16 13 0. 0 23. 8 15. 0 8. 3 1. 5 0 1• 3 
8/17-8/ 31 15 0. 0 2 3. 8 15. 0 8. 3 1. 5 0. 3 
8/ 31-9/7  16 0. 0 2 3. 8 15. 0 8. 3 1. 5 0. 3 
* Seed planted in field depth te sts, were composite s am�les collected 
. . in S�ptember and October, 1957, in Brookings area. Seed planted in 
late fall was in dry storage about 1 month while , spring-planted 
�aterial was in dry storage about 6 months. 
"' 
soil moisture content was about 20 per cent while the late May planting 
emerged largely in ·1ate June when the moisture conten� was still 20 per 
cent. 
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The measurement s of hypocotyls of se  dlings grbwn under various 
condit ions were made to det rmine depths from whicH seedlingb had the 
physi cal capacity to emerge . 
The elongat ion of hypocotyls in soi l at a 1epth of 10. 0 cm. was 
de�ermined by measuring sp rout s of light-pretreated ( 19 57 ) � I 2-year-old 
seed , within 10 days , at greenhouse temperatures. Som� of the sprout s 
I 
were beginning to deteriorate at the t ime they were examined but most  
were still in  fresh condit ion .  The average length of 70 hypocotyls , 
undamaged by excavation , was 1 .  4 cm . The extent of elongati1on of hypo-­
I 
cotyls on blotting paper in the dark at const ant temperatures of 20° C .  
and 30° C . , at alt ernating 1 5  - 30° C .  and 20 - 30 ° C. , at Joom temper­' 
ature, and in const ant light at greenhous e temperatures was determined 
ahd recorded , part ly , in Table 50. The frequency distri�utions df 
hypocotyl elongat ions of sprout s in soil and on paper at �pme of the 
I 
-
temperat ure regimes are recorded in Table 51 . The highest frequency 
I � 
of the linear measurement s of hypocotyl elongations at the more favor-
I 
able 
I 
t emperatures on paper subst rate was in the 2. 0- to 4 . 0-cm. gro?p , 
I 
while in soil , the highest frequency was in the o. 6 .... to 2. 0-cm. group 
at �he 10 . 0-cm . depth. Of a tot al of 656  hypocotyls tAat e longaied on 
paper at various favorable temperature regimes 3 .' 5  per cent 
1had
\
a range 
I . I I I 
of 4 . 5 to 6 . 0  cm. Fi fty-six elongated hypocotyls that l� ad been grown 
in soil  ( with moi sture cont ent of 15 per cent or more ) at favorable 
I 
temperature regimes were meas ured , and 19 . 6  per cent ranged from 4. 5 to 
I 
Table 50. The Elongation of .Q_. arvense Hypocotyls on Moi st Paper Sub­
strat'e at Temperatures from 1 to 31 ° C. in the Dark and :iln  
Continuous Incandescent Light* 
Average 
Temperature Time length of 
regime in in  hypocotyl Rajnge 
oc . Illum,ination days in  cm., i n  cm. 
1 None 24 o . 6  0. 1-1. 4 
4 None 25 1. 3 0. 1- 5. 9 
4 None 72 1. 7' 0. 3- 3. 4  
20 None 5 0. 7 0. 2-1. 4 
20 None 12 2. 5 o. 4- 4. o 
4 & 20 None 4 & 11 3. 0 0. 5- 5. 1 
30 None 1 3  1. 4 0. 3-2. 9 
Alt , 15-30 None 10 2. 5 0. 1-4. o 
Alt. 20-30 None 12 2. 7 0. 5-5. 1 
Room (22) No11e 15  2. 0 o. 4-3. 2 
31 Light continuous 35  1. 7 0. 5-3 , 7  
* Alternating temperatures of 15  and 20° C. for 16 hour:� and 30
° C. 
for 8 hours. 
· Alt. - alternating. 
Sprouts teste� for hypocotyl elongation at 30° C. on , paper 
substrate had 44  per cent die or badly deteriorate during the 1 3-day 
ttrs� period. 
, I 
· ,  
I 
able 51 . Type of Frequency Di str ibut ions of  Hypocotyl Elongat ions of f_. arvens e  Sprout s at Tern-
perature s  o f  4 ° C .  t o  Alte rnating 20 - 30° C .  on Paper and in - Soi l  
Clas s i ficat ion o f  hypocotyl e longat i on s  a s  per cent o f  
Time Average total number that expanded and grew 
Temperature i n  e longation 1. 1- 3. 0 1 . 1-2 . 0  2 . _1- 3.0 0. 1-1. 0 3.1- 4 . o  4 . 1-5 . 0  5 . 1  cm . 
1bstrate regime days· in cm . & more 
:1per 4° C .  25  1. 3 43 25 18 52 4 0 1 
aper 20° C .  12 2.5 52 16 36 16 30 2 0 
aper Alt . 20 12 2.7 50 20 30 8 28 12 
-30° C .  
oil  @ Greenhouse 10 1 . 4  67 54 13 33 0 0 0 
10 cm . 
_ , · 
� ():) ():) 
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Freezing and Thawing 
The effect of parti ally controlled freezing and thaw�ng on seed · ' I 
I was studied by planting the seed in greenhouse flats at depths of 0.0, 
3 . 0 ,  and 4.0 cm. and then by alternately moving them from tie green-
1 
house to a freezing chamber . It was kept in the greenhouse for 16 
hours and in the cold chamber at -12° C. for 8 hours.
1 
Tre germi�ation 
test was then at greenhouse temperatures and the seed at 
1�
hel 0.0 depth 
was covered with 1.0 cm. of soil. 
The results are recorded in Table 52. 
Tabl� 52. Effect of Freezing and Thawing on the Germination of C. 1 
arvense Seed in the Greenhouse at Various Depths in the �oil 
with Moisture Content at Field Capacity Compared to 
Depth of 
seed at 
freezing 
and 
thawing 
in cm . 
o . o  
3 . 0  
4 . o  
.:.. 
- I 
the Germination of Untreated Seed I 
Period Period of 
Pretreat- of germination 
ment of freezing test at I · 1 
seed (1- and Depth of greenhouse I I 
yr.-old, thawing* emergence temperatures 
1957) in days in cm. in days 
None 14 1. 0 10 
33 
None 14  3.0 19 
23 
33  
17 days at 30 4.o 10 
I I -12
° C. 21 
None 0 1.0 14 
33  
None 0 3.0 23 
33  
None 0 4.0 8 
10 
33 
Per Ji,t 
germination 
and 
emergence 
I 
13.2  
4 5.0 
1 3.7 
14.o 
1 5.0 
0.3 
0.3 
52.0 
74. 5  
16. 5  
19.0 
2.3 
5.0 
14.o 
* Freezing and thawing cons i sted of alternating temperatures of 
- 12 ° C. ( 8 hrs.) and greenhouse temperatures ( 16 hrs • ). -: 
The germinat ion of 1-year-old seed subjected to free zi1ng and 
I 
thawing did not differ substant ially from the controls. 
The ch aracteri st ics of the greenhouse temperature regimes  illlder 
which the controls and treate d seed lot s were germinated have been 
referred to in the previous sect ion , Depth Experiment s ,  rnd are fo'1Ild 
'in the Appendix . 
The effect of free z ing and thawing on seed in the field was 
studied by plant ing seed in the fall at di fferent depths ( already 
re corded in Depth Experiment s )  and by recording the emergence of seed­
lings from s�ed planted the previous season .  The re sult s are given in 
Table 5 3. 
r 
The seed in soil was subjected to winter conJit ions of 
free zing and thawing in both fall and spring . 
mately the same as spr ing-planted material . 
They germinate !  approxi-
The s ites at Brent ford, 
Castlewood , and Gary had emergence from ungerminated seed irl the soil 
from late-June plant ings but most of the emergence was from seed 
planted in September and October . The pretreated seed  germinated t o  
about the same e xtent a s  the untreated. 
I 
I 
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I 
Table 5 3. The Effect of Winter Weather on C. arvense Seed �n Soil in 
Eastern outh Dakota in 1957 - 19 58* \ 
I 
Per cent I I 
Treatment 
of seed 
Period of 
planting 
in 1957 
germination Emergence in 1958  
Site in 1957  Period Per cent 
Brentford None 
Pretr. 
None 
Pretr. 
None 
Castlewood None 
Pretr. 
None 
Pretr. 
None ( l957)** 
Late July 
Early Sept. 
Early Sept. 
Late Sept. 
Early Oct. 
Late Aug. 
Early Sept. 
Early Sept. 
Late Sept. 
Early Dec. 
Control( l957) Early May , 1958 
Gary Pretr. 
None 
Pretr. 
Pretr. ( 1957) 
( 1) None 
( 2) None 
Pretr. 
Early Sept. 
Early Sept. 
Late Sept. 
Late Sept. 
Late Sept. 
Late Sept. 
Late Oct. 
11.5 
0. 8 
0. 0 
0. 3 
0. 0 
13 , 3  
0 . 0 
0 . 0 
0 . 0  
16. 5 
1. 8 
16. 5 
14 . o  
0 . 5 
0. 0 
0 . 0  
Early Ma-;Y 
Early Ju'ne 
Early May and 
early , June 
Early May and 
181te June 
Ea:¢ 1� M
J 
ay and 
early Jlily 
Early Maty 
Early May and 
early June 
Early May 
Early May 
Latei May and 
e'arly June 
Late June · 
Early May 
Early May 
May 
Early May 
Early May 
Early ray 
Early May 
I 
1 . 4  
1.5 
1. 3 
0. 8 
9.5 
1. 2 
0. 8 
1. 5 
0. 5 
f • 8 1  
I 4. 3 
2. 7 
2.3 
3. 3 
3 , 2 
15 � 5  
18.5 
9.0 
* Seed, 1956, 400, except where indicated as 1957. Planted at 1 cm. 
depth. Pretr. - Pretreated with cold and light. 
** Emergence at 5 /27 3.0% ; at 6/14 1. 8%. 
I I 
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Irradiation 
Seed at constant moisture and 100 per cent relative hutnidity was 
irradiated with different forms of radiation at varioJs temperatures 
for different periods of time and tested for germinati on atl various 
temperatures. 
Seed on a moist blue blotting paper in - a covered plastic dish 
was irradiated with an electric (light) bulb at a spe
1
cified ¢ii stance. 
Two intensities of irradi ation were used : 100 watts at 30 cm. and 60 
watts at 50  cm . The temperature of the surface of the irradiated bed , 
as measured by a mercury thermometer was 32±:1° C .  l for most irradiation 
treatments . A few irradiation treatments were at temperat��es less 
than and greater than 31° C .  The durations of irradiation treatments 
I 
were for 12 and 24 hours , and 2 ,  3 ,  and 4 days . 
I I 
Irradiated seed was tested for germinati on at constant tempera-
tures of 20 , 25 , and 30° C .  and at alternating temperat'u:rie 
I regimes of 
15 and 30° C .  and 20 and 30° C. 
The types of radiation were : white-incandescent 1 light , red 
( inc
1
andescent) light , and far-infrared irradiation (h�at in  radiant 
form). The sources of radiation were : for white-incandJsce�t li�ht , 
frosted incandescent (tungsten) bulb ; for red light , frost
1
�d i ncan-
descent bulb painted with red oxide pigment ; and for far-infrared irra-
1 I 
diation , frosted incandescent bulb painted with lamp-black pigment . 
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The seed irradiated and tested for germination consisted of 
material 1 and 2 years of age and freshly-harvested kept in dry stbrage 
at room temperature and seed of various ages kept in cold storage from 
3° C. to -12° C. 
Two-year-old seed ( 1 9 57 , dry storage) was tre�ted with (white) 
I I 
,incandescent light, supplemented with sunlight, for 3 days and tested 
for germination at room temperature in the dark or semi-darknes s. 
Seed was treated with cold at 0° C .  and 1 to 4 ° C. for periods 
I 
of 7 and 14 days and then irradiated for 2 or 3 days . The irradiation 
consisted of either incandescent light or incandescent light supple-
mented with sunlight. The irradiation followed the cold t�eatment or l · 
vice versa. The germination was tested at constant 20 and 25° C.· 
Seed was tested at an alternating 20 (16 hrs.) and 30 ( 8  hrs.) 
I 
I 
° C. with light· at 30 ° C. The light was a cool-fluorescent-daylight 
type of 100 foot candles. 
Seed on a moist blotter treated with light germinated at a con-
I 
stant temperature of 20 ° C . The total germination in one month at 20
° 
C. of seed pretreated with incandescent (white ) irradiati�n for 3 days 
varied with age, and was for 2-, 1-year-old, and fresh seed 89.2, 50.0, 
and 56.0 per cent, respectively. 
The rate of germination varied with age, the older s eed, germi-� 
I 
na�ed more rapidly than -fresher seed , Figure 7. There was little 
increase-in germination after  the period of 10 to 14  daYis. 
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The effect of i n c andes cent ; r · .  · 1 :, ·;_t � ( , : .  11➔ , 3·] _n  C .  nn -� fl "=  germi na-
tion of the seed varied with the � erJ 1{, t t 1  :i :-1 , 1 " ' '.1} / . .  _-·_:·.:1 t : f f,=' ri � -c,h ·- treat ­
ment as recorded in Table · 4 . Tli e 1· n � ,� o '. ;::• nr 1 . : ::.t 1. l ;fl u:nar�r �:hes e con-
clitions is recorded in Table 5 5 . 
more rapid for the longer t ea: .. : rr• f:- r � � - . �:-·�; ,·• ,· 'JL -" r r : :�. c. i J,\ · c:, f l i. ght. 8 nd dark 
resulted in lower germi n at i on '\, ;-· �' :· • � ,.· • :  -� ( , ... .  5 t '., L.::.r1 ;; � -� d .. \y ·:: . .  :"e f'.trnent . 
1 0 0 
90 
I- 80 z 
7 0  
G O  
z 
so ---·\ -z 
� 4 0 
� 30 � 
/,/' 
/ 
;w 
1 0  
l 
1- 4 6 
l' I M E I i 
I 
,,,,-· 
-- --<l : 
; ,---- - - --
c: R[ '.::� '-i 
.... -- -·· ---Q 
--- -/-o---- . - -- --- 0 
I Y H  
I 
L . l . J  
8 1 0  I 2. 1 4  
DA Y S  
Pigure 7 .  The Effect o f  Inc andes cent Light  as a Pretreatment o n  the 
Rate of Germinat i on and Germinat ion Curves of  g_. arven�e Seed , 
. of Different Ages, at a Cons ,ant Temperat ure of 20 C .  
Table 54 . The Effect of Var�ed Durations and Temperatures of Incande s cent-Irradiat ion Treatment 
on the Germination of C .  arvense  Seed of Various Ages  at a Const ant Temperature of 20° C .  
Temperature Number 
of 
,
Duration Number of Age 
4 
Per cent germinati on in  
14  16 irradiation of o f  
treatment irradiation s eeds 
31° C .  12 hrs . 100 
31 ° c .  24 hrs . 300 
31 ° C .  48  hrs . 300 
31° C .  48  hrs . 400 
31 ° c . .  4 .da . 400 
31° C .  4 da . 100 
31° C .  Alt . 30 hr . 400 
light-12 hr . 
dark- 30 hr . 
light 
31° c .  3 da . 400 
Variation 3 da . 400 
of 28 . 5 to 
34 . o  - ave . 
31° C .  
Variation 2 da . 400 
of 33 . 0  to  
37 . 0  - ave . 
35° c .  
repli-
cates 
-
3 
3 
4 
4 -
4 
4 
4 
4 
of  3 5 7 10 
seed da . da . da . da . da . da . 
2 yrs . 0 . 0 o . o  4 6 . o  56 . 0  -
2 yrs . .l-7 - 7  40 . 4  56 . 7  59 . 4  -
2 yrs . 39 . 0  64 . 7  70 . 4  71 . 7  7 2 . 4 
27 mos . 31 . 0  68 . 8  75 . 0  76 . 5  76 . 5  
2 yrs . 13 . 8  46 . 2  77 . 2  86 . o  87 . 0  87 . 0  
0 yrs . 59 . 0  
0 yrs . 15 . 5 
4 mos . 21 . 0  
2 yrs . 44 . 5  
2 yrs . 40 . 0  
9 3 . 0  9 4 . o  96 . 0  97 . 0  
23 . 0 37 . 5  39 . 0 39 . 0 
50 . 0  58 . 5  59 . 5  59 - 5 
64 . 5  7 3 . 8 74 . o 74 . o  
68 . 2  83 . 6  84 . o  85 . 0  
- Average germination o f  2-year-old ( and older ) seed under -various treatment s 
Average germination of seed  les s  than 4 months old under various treatment s 
Average germination of  seed of various ages under various t reatment s . . . .  
21 28 1 
da . da . da . mo . 
70 . 0  70 . 0 -
67 . 3  67 . 3  ---
-
-
-
87 . 3  87 . 3  87 . 3  
39 . 0 39 . 0 39 . 0 
59 . 5  59 - 5 59 . 5  
85 . 0  85 . 0  85 . 0  
76--:0 
65 . �  
70 . 6  
- --
\.0 
V1 
. I 
1 1 
I I 
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The sen sitivity of  freshly-harvested seed (1959) to light reat­
ment did not change markedly in 4 months of dry storage atl room temper-
ature, Table 54. Als o, this seed does not germinate rea�ily while in 
light at 31° C. 
I 
, I I 
Table 5 5. The Rate of Germination Induced by Incandescent Irradiation 
1 in C. arvens e  Seed Expres sed as a Fraction of Total Gerrination 
(in 2 weeks) 
Temp. 
of Duration Number Age Germination as a fraction 
treat- o f  treat- of  of  of  total getmination I 
ment ment seeds *  seeds 3 5 7 10 14 da. 
31° c .  12 hrs. 100 2 yrs. .6 5 .80 1.00 
31 ° c .  24 hrs. 300 2 yrs. .26 . 60 .84 .88 1.00 
31° C. 48 hrs. 300 2 yrs . .54 . 89 . 97 .99 1.00 
31° c .  48 hrs . 400 27 mos. .41 .90 .98 1.00 1.00 
31° c .  4 days 400 2 yrs. .16 .89 .99 1.00 1. 00 
31° c .  4 days 100 0 yrs. .61 .96 .97 .99 1. 60 
31° C. Alt. 30 400 0 yrs. .40 . 59 .99 l + OO I 1 , 00 
hrs. -li ght ; 
12 hrs.- · 
dark ; 30 
hrs. -light 
.84 . 98 31° C. 3 days 400 4 mos. .35 1.00 1.00 
Varying- 3 days 400 2 yrs. .60 .74 :t oo 1.00 1.00  
Ave . 31° c .  
Varying- 2 days 400 2 yrs. .47 .80 .98 .99 1.00 
Ave . 3 5° c .  
* 100 s eeds represents 1 replicate. 
Two-year-old seed when treated for 24  hours with light at 31
° c .  
germinated 15  per cent at 20 ° C. within 24 hours. The ' germination of 
1: i 
2-year-old seed in continuous light at 31
° C. was 50. p per cent in  35  
days. The seed became more sensitive to li ght with age. The germina­
tion in light at 31° C. within 72 hours of  seed 2 years old was 3 per 
cent while that of seed (1200 ) 2 1/2 years old was 11.5 .per cent. 
I • . ,  
I 
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The germination of two lots of 1-year-old seed treaied with 
I 
whi�e and red light, respectively, at 60 watts at a distance of 50 cm. 
for 4 days at a temperature of 30 ° C .  was 18. 4 and 17 r 6 per Jent, 
I I 
respectively, in 14  days at room temperature . 
Seed, 2-year-old, pretreated with light for 3 days Jt 30° C .  and 
tested for germination at constant 25° C .  and 30° C .  �n 6 
1
days sprouted 
76. 0 and 79.8 per cent, respectively . The germinati1n of the seed at 
30° C. in 1 3  days was 82.0 per cent . 
The relative ratings of visible light intensity are given in the. 
Appendix, Table 18, together with the effect of such light intensities 
I 
on the temperature of the substrate . 
The germination at 20 ° C .  of 2-year-old seed, irradiated for 2 
days with red . light and far-infrared at 31° C. in comparison with the 
germination of such seed treated with white light at 15° C l is 
in Table 56 . I 
Differences in total germination were ,not signifi6ant, 
recorded 
Table 5 7, 
but the germination of far-infrared-irradiated seed was sigfnificantly 
I 
greater than red- and white-light-irradiated seed in the first 3 days, 
�ab'.l.es 56 and 57. 
Seed irradiated  with the black painted buJ.b (far-7f
frlared) 
germinated much faste� than seed irradiated with white and red light, 
I 
' Table 56. I 
I 
Far-infrared treatments at 31
° C. of seed of three different 
I 
ages ( 1957, 1958, 1959) and of different durations of treat�ent 
compared 
to similar treatments with white light tested for gerrtji_n_ati
on at
, 
20 ° C • 
Table 56 . The Effect of  Li - ht , White, and Red, and Far-Infrared, for 
Two Days as a Pretreatment of C .  arvense  Seed for Germ1nation at 
a Constant Te;perature of 20° c .  
Per cent germination after treatment 1:D;z: 
Period White light Red light Radiant heat 
of time 35° C .  31° C. 31° C .  
3 days 40 . 0  24. 2 75 , 5 
5 days 6 8 . 2  47 , 5  88 . 1  
7 days 83 , 6  75 , 6  89 . 3  
10 days 84. o 77 , 0  90 . 0  
14 days 86 . o  78 , 5  90 . 0  
1 mo . 78 . 6 90 . 0  
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The source of irradiation was a 100-watt incandescent bulb at a 
' distance of  30 cm . White was obtained from a frosted bulb, red from a 
bulb painted red, and far-infrared from a bulb painted black . Seed -
2 yrs . old, 1957. 
Table 57 . The Analysis o f  Variance o f  the Effect of  Three Different 
Forms of Irradiation on the Germination of C .  arvense Seed at a 
Constant Temperature of  20° C. §:./ 
Sour1ces o f  variation d .  f. 
Replications 3 
White and red light and far- 2 
infrared for 2 days at 31° C. 
Error 6 
Total 11 
a/ Seed - 2 yrs . old, 1957 . ** �ignificant at 0 . 5% .  
Total 
M . S. 
45 . 44 
159. 25 
77 . 0 3  
83. 36 
Germination 
3 days 7 days 
M . S. M. S .  
69 ; 11 �6 . 56 
2697 . 34**  197 . 34 
76 . 78 64 . 22 
551 . 15 80 . 88 
I I 
gave res-ul ts that differed a great deal for some of the factors but 
little or not at all fo_r others , Table 58 . The germina:tion of seed 
treated -�or 2 days with far-infrared varied direc}ly �ith age, 90 per 
cent for 2-year-old to 66 p r  cent for fresh in 14 days. �he rate of 
germination varied from 76 per cent for 2-year-old to .8 per cent for 
fresh in 3 days . The tota.l ermination of 2-year-old seed was sig­
nificantly greater than 1-y r-old and fresh seed, Tables 58 and 5f. 
Table 5 8 . The Effects of 1 ite Light and Far In frared as a Pretreat­
ment of C .  arvense Seed of Di fferent Age s for Germination at � 
Constant Temperature of 20° C .  
Period of · Per cent germination after treatment by 
time in  Incandescent (white) 
Age of days of l ight at Far-infrared at 31° 
seed in ge:qninat ion 30 ° C . for 35 ° C .  for for 
99 
C. 
years test 3 days 2 days 3 days 
I 
2 days 
2 3 5 8 . 6 40 . 0 60 . 8  7 5 . 5 
5 76 . 5 68 . 2  88. 0 88. l 
1 84 . 5  83 . 6  90. 2 1 I 89. 3 
10 87 . 5  84 . o  90. 0 
14 89. 0 85 . 0  90. 5 90. 0 
1 3 2 3. 8 54. o 
5 46. 7 69. 6 
1 47. 2 71. 0 
·10 49. 4 
71. 7 
14 50. 0 71.7 
0 3 1. 5 7 . 8 
5 20 . 0  50 . 8  
1 31 . 7  64 . 7  
10 5 5 . 2  6 5 . 7  
14 5 6 . 0  6 5. 7 
Table 59. The Analysis of Variance of the Effect of Far-Infrared Irra­
diation on the Germination of C .  arvense Seed of Different Ages at · 
a Constant-Temperature of 20
° C . 1 
Sources of var iation 
Replications 
Different ages - 2 and 1 yrs. and 
freshly harvested 
Error 
Total 
d . f. 
3 
2 
6 
11  
Germination in 
7 da. 3 da � 
M .' S
j 
I M . S .  
38 . 78 
514 . 09** [  
22 . 5 3 
116 . 33 
15 . 5 5 
4 533 . 25**  
100 
The germination within the first 3 days of, 2-year-old se
,
ed was 
I I significantly greater than 1-y�ar-old and fresh seed, I a�i also �!e ger-
1 I 
mination within the first 3 days of the 1-year-old seed was signifi-
cantly greater than that of fresh seed . 
There was no significant di fference between the eff�cts of white 
light and far infrared on the . total germination of fresh (1959 ) seed, 
Table 60. The germination of seed of the three ages �reated with far 
infrared was nearly the same as that treated with white! �iglht. 
Table 60. The Analysis of Variance of the Effect of White 1 Light and 
Far Infrared on the Germination of Fresh C. arvense Seed�/ 
Source of variation 
Replications 
Irradiation white light and far infrared 
Error 
Total 
�/seed - 1959 . 
d. f. 
3 
1 
3 
7 
Germinat i on at a constant temperature of 20° C. in 10 days. 
M .  S .  
5 6. �h 
220,. 50  
110 . 83 
103. 14 
The germination of 1957 seed, pretreated wi�h radiant heat for 
3 days at 31° C. , in 10 and 14 days at 20° C. was 81. 0 a�d 86. 0 per 
cent, respectively. Two-year-old seed treated witjh far infrared at 
27° C. for 3 days germinated at 20° C. in 5, 10, and 14 days 3 4. o, 
42. 9, and 43. 0 per cent respectively. 
Two-year-old seed, kept at 20
° C. for 2 days, then treated with 
I 
white light at 31° C. for 3 days, had 65.0 , 82 . 2, 93 , 5 ,  and 93 . 6 per 
I 
cent germination at 20° C. in 3 , 5, 7, and 14 days, resrectively. 
, • ·�. 
I 
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Seed , 2-year-old , tested for germination at alternating tern-
I r 
perature of 20 (16 hrs . )  and 30 ( 8  hrs . ) ° C .  with fluo��scent light I 
accompanying the 8 hours at 30° C .  germinated somewhat more t han seed 
pretreaif, �d with light for 2 days at 31 ° C·. at the constant 20° C .  
1 1 ' 
I I 
·Tab e 61 . The · Germination of Q. arvense Seed* at Alternating Tempera­
tures
1
of 20 and 30° C .  with Light at the High Temperature Com­
�ared to the Germination of Light-Pretreated Seed at 
Constant Temperatures of 20 and 30° C .  in the Dark 
. I 
Temperature 
regime 
I 
20° 1 c . constant 
30° C .  constant 
30° C .• alt . 20 ati{i 
i6 and 8 hours 
I 
Period 
of year 
for test 
July 
August 
September 
Per cent germinatiort in 
5 10 14 days 
68 . 8  84 . . o 85 . 0  
75 . 0  81 . 0  
1 
8 3 . 0  
72 . 0  76 . 8  82 . 0  
80 . 1  84 . 4  89 . 6  
90 . 5  93 . 3 . 93 . 3 
* Seed - 2 yrs . old , 1957 . Pret reatment with light was at 31° C .  
for 3 1 days . Seed at alternating temperatures was tested over a 
pfriod of 3 months . 
I 
1 
I �he germination of 2-year-old seed, pretreated with light for 3 
da)s at 30° C . , at room temperature varied according to  season between 
I I 
48 and 94 per cent in 2 weeks , Table 62 . 
Table 62 . Germination of C .  arvense Seed* at Room Temperature A:rter 
Having Been Pret�eated with Light for Three Days 
Date of trial! 
1/2-1/13/59 
2/21- 3/4/59 
4/ �0- 5/10/59 
* Seed - 2 yrs . old , 1957 . 
10 
76 . 0  
94 . 0  
Per cent germination in 
14 28 days 
76 . 0  
48 . 1  
94 . o  
80 . 3  
102 
I 
Seed harvested in 1 58 , 2-year-old , stored at -7° c . , was 
irradiated with incandescent light at various temperatures '( in one case 
I 
had been pretreated before irradiation) and tested for germination at 
20° · C. The results are given in Table 63. 
I .  
Table 63 . The Germinat ion of C . arvense Seed* Stored at Sub-z ero Tem­
peratures , Pretreated with Incandescent Irradiation , and 
Tested at 20° C. 
Treatment Type of 
before irradiation Per cent �ermination in 
irradiation treatment 5 7 I 10 14 da. 
0 12 hrs. at 30 ° c .  2 . 0  3.3 1 3. 3 
0 4 da. at 30 ° C .  10.3 13. 3 1 3.3 
0 12 hrs. at 35 ° C. 4. 3 -- I 5. 8 
0 4 da. at 35 ° c .  13. 8 34. 5 
12 hrs. at 12 hrs. at 35 ° c .  1. 3 5. 3 
20° c .  
Average germination by all treatments 12. 4 
* Seed harvested in 195 8 , stored at -7 ° C. ,  and tested fo� germination 
at 2 yrs. of age. 
'\ 
Seed , 1-year-old , stored at -12 ° C . ,  was treated with 
1
far infra-
d . 0 Th . t . 
I . re in the dry state at 32 C . for 2 weeks . e germina ion in  a 
sequence of 6 days at 20  - 30° C. , 14  days at constant 20
° 
1 C. ,  and 12 
days at 2 0  - 30° C. was 46.5 per cent. 
The integrated effect of cold at 1 to 2
° C. for 7 days followed 
by 2 to 3 days of  incandescent irradiation (white) at 31 1° C. on se1d 
' ( dry storage at room temperature) resulted in a 9igh degree of germina­
tion at a constant 20° c .  In 21 days the 1957 seed treated  with 12 days 
of light sprouted 90. 4 per c ent while 1958 and 1959 seed , t �eated with 
3 days of light , sprout ed 76 . 8 and 75. 7 per cent , 
respectively. The 
.. ·� . 
I I 
10 3 
tot�l germination in 21  day of seed of the three ages was not sig­
nifibantly different, Table 64 . The rate of germination varied some­
what with age, with the older seed germinating more rapidly, Figure 8 . 
There was little increase in germination after a •period of �O to 14 
days . 
I . I 
, I I 
Table 64 . The Analysis of  Variance of Germination at a Const ant Tem­
perature o f  20° C .  of  Pretreated C .  arvense Seed of Di fferent fges . 
Source of  variation 
i 
Replications 
Ages - 2 yrs . ,  1 yr., freshly harvested 
Error 
Total 
d . f .  
3 
2 
6 
11 
!,! Pretreated with cold and light . Germination in 211 days . 
I 
M . S . 
10 5 . 89 
20 3 . 59 
87 . 14 
113 . 42 
I 
The germination induced by . the cold and light treatments varied 
with the temperature, duration, and sequence of the pretreatment and 
with the temperature at which the seed was tested, Table 65. The 
sequence of light followed by cold had greatly reduced germinatioh of 
freshly-harvested seed when tested at 2 5 ° C.  when compared tb 2 0 ° C .  
Seed, 1-year-old, cold treated at 0° C .  for a week, and at 2 ° C .  fof 2 
weeks, respectively, both had reduced germination comparrd to germina-
tion results of cold treatment at 2° C .  for 1 week. The germination 
results of  the cold treatment at 2 ° C . were significantly greater than 
those of the cold treatment at 0 ° C .  (frozen), Ta�le 66. 
The ungermfnated resi dues of seed from di fferent types of irra-
1 
diation treatment were further treated in various ways in attempts to 
determine whether such seed had the capac ity to germinate::_ 
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Figure 8 .  The Effect of  Cold an ,.i I/ g '. ,  r ,  '_:_ \- ·:A '." ::_, -:.� 1 :.'L · ):.t tbt:: nate of' Genni­
nation and Germinat ion Curve s cd A. :::o:r i ;::, t. :·,. (· i.:, '.Ceni,, 2:v· ,tt t! .. te of 2 0 ° C .  
o f  C .  arvens e ScL·-i o·  0 · fi'c·r ,·_· (, 1\ � ':' S  
Ages of s eed - 2 ( 1957 ) , 1 ( 1958 ) yrs . , n n,'; f r� �-; i : ( _1 ,  59 ) .  
The ungerminat ed res i due ( 100 ) fro .. n f;:·cnh s c: ':d  at 20° C .  for 2 
months was treated with li ght for 10 day � P,t '-)l e, C . , ke:r;it und r c on­
tinuous obs ervat ion while W1de r l i ght trea.tmeGt ., then placed at 20° C .  , 
but did not germinat e in 1 month . 
Table £5 . The Germinat ion o f  C-. arvense Seed Treated with Cold and Light Pretreatment s o f  Varied 
Temperature , Durat ion, and Sequence, and Tested at Var ied Const ant Temperatures  
Age . Temper- Temper-
of ature Duration Sequence ature of 
seed Number of  cold o f  cold of  col d, germi -
in of t reat- treat- l i ght nat ion Per cent germinat ion in 
year s seeds ment ment treatment t est 3 5 6 7 10 14 21 days 
0 400 2° C .  7 da . Light, Const . 1 3 . 3  46 . 7  51 . 2  5 3 . 3  5 3 . 3  5 3 . 5 
cold 20° C. 
1 400 0° C .  7 da. Cold, Const. 17 . 3  2 3 . 8  48 . 4  50 . 0  5 3 . 0  5 3 . 0  
light 20° C. 
1 200 2° C .  14 da. Cold, Const. 20 . 8 32 . 8 34 . 3 34 . 3 34 . 3 34 . 3 
light 20° C .  
0 400 2° C .  7 da. Cold, Const . -- 3 . 7  3 . 7  3 . 7  3 . 7 
light 2 5° C .  
Average germinat ion of  seed of different ages and types o f  t reatment l i sted in  table 36 . 1  
Average germinat i on o f  seed of di fferent ages with cold, light t reatment and o f  
... - -· 
germinat i on of  seed - l i sted in t able 58 . 6  
j--J 
0 
Vl 
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Table 66 . The Analysis of �ari�nce of th Effect of Different D grees 
of Coldness on the Germ nati on of C . arvense See�
/ Pretreat�d 
with Cold and Li ht and Germinated at a Constant , 
Temperature of 20° c . 
Source of variation 
Replications 
Treatment 
Cold and light - cold at O and 2° C. 
Error 
Total 
�/ Seed - 2 yrs. old , 1957 , 
** Significant at 0.5%. 
d . f. 
3 
1 
3 
7 
M.S. 
14.33 
2344. 50**  
32. 83  
355. 14  
Seed (1957) , 6 months old , treated with cold at 2° C. lfor 7 days, 
light for 3 days replaced by sunlight during the day , stored for 9 
months at 1 to 3° C. , and stored for 8 months at -12° C. , germinatrd 
6 . 3 p�r cent in 12 days when tested at room temperature. The unger­
minated residue of the above , when tested at the altern�ting tempe1a-
· ture regime of 20 ( 16 hrs.) and 30 (8 hrs. )
° C. sprouted 38. 1 per cent 
in 3 weeks. This pretreated seed stored at cold temperatures for 17  
I 
months and then allowed to dry and stored dry at room tempe
7
ature for 
36 days and then tested for germination at a constant 20 ° C. sprouted 
1 . 3  per cent in 14  days. The seed was further tested for �ermination 
at alternating 20 - 30° c . , but failed to germinate wit�in 2 weeks . 
Pretreated seed ( 100) stored in cold for 17 months, then hel� in dry 
storage for 5 weeks, when the achene was cut at the epicotyl en� to 
remove sufficient pericarp to rupture the s eedcoat membrane/, germinated 
39 per cent in 8 days at 20° C .  The ungerminated seed ( 99 )  under test 
107 
at 20° C. for 14 days and at alternat ing 20 - 30° C .  for 2 l weeks was cut 
(as fbove ) and test ed at 20
° C . It sprouted 37 per cent in 8 days. 
I Cold- and light-treated seed ( 1957 )  stored at 2 ° C. for 2 years ( 100) , 
I 
1 year ( 300) , 10 months ( 200 ) , and 8 months ( 100 ) germinated O, 13.8, 
O, and 52. 0 per cent, respectively, at room temperature in �4 days. 
The solar irradiation was measured at the bare soil surface 
. . 
between 12 a. m. and l p.m. at all field study sites at the same time 
I 
soil temperatures were taken. The readings were m�de nearly! every day 
at Brookings and every two weeks or oftener at the other locations. 
Solar irradiation was measured as the reflection from a white, 20. 5 x 
12 . 5  cm. , card by a Braun Sixtus II light meter at a distance of 13  cm. 
I I 
The results are recorded in the Appendix, Table 19. 
The amount of solar radiation as measured by the p�oportion of 
sunshine during the 1957 and 1958 growing season in eastern South 
I 
Dakota is given in the Appendix, Table 20. 
I I 
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Atmospher s of Various Compos itions 
I The effect of the kind of atmosphere on the germinat i on of the 
seed was tested by the us e of mixtures of the ga�es, nitrogen, oxygen, 
I 
and carbon dioxide in various proportions . The seed was pretreated 
with light at these varied atmo spheres for 3 days and the germinat i on 
in these gas mixt ures was determined in the ensuing 7 days at room tern­
I 
perature, generally. 
Seed sprouting was tested in a germi nator, whi ch con s � sted of a 
covered transparent plast i c  box 27 x 19 , 5 x 10 cm . in 1 dimen s i on�, 
through whi ch the various gas mixtures flowed from h ighly 1ompres sed 
( commerc ial ) gas sources . The seed bed consisted of blue blott ing 
paper ( commonly used in s eed tes ting laborat�ries ) resting on a frame 
that divided the box i nto  2 part s .  The bottom port ion of the box was 
filled with 6 cm. water to act as the reservoir, supply of wJter . The 
top portion was the germinat ion chamber, 27 x 17 . 5  x 2 ' cm . in dimen­
s ions, whi ch had 1500 c c . of capacity . The pape� dipped from the frame 
into the water and thus was kept moi st cont inuously. The /des i red, 
moistened, gas mixture of nitrogen, oxygen , and carbo� dioxi de, was led 
int o the germinator at one end ,  spread at 0. 5 cm . above the surface of 
I 
the seed bed acros s  the breadth of the chamber by a clos ed / end pipe 
I 
with holes o f  0 . 5  mm .  in  diameter dri lled 2 1 /2 mm. apart.1 The gas was 
I 
led out of the chamber at a height of 2 cm . by means of a pipe with 
openings to draw in the gas from across  the breadth of
,
the �hamber and 
the op n in s l so w r ·e " \ . r 
ated with a flow o f  100 , _ _  .
sure of 3 lb s . per  q .  i n (· 
over of atmosphere on t..· '..: v · · r·: 
The de s i red m i xi. 1;_ - �, : , 1  
means o f  apparatus a s  • · ho ·  .. , 1 
fold through cal ibra e ,i r-,:·;-..�· 
mixture was led i nto a rr-1 1� : <=-
flowed t o  the ge rminat o r . 
. .  
- ' 
t :  
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Figure 9 .  Phot ograph of A prn d l ..,, r , ) r  'f' ,  _- t, j n ,
r I __ : ,  rrn i :·, -1 �, i a r, 0 '  t, h r: 
Seed i n  Atmo s h e  ("i rd' V ar- >· • ;  Cor :.' • ) .--, _i. t. � • � :·; 
Apparatus cons i sted of  bot 1 ., - , f  1 .  H ·  l ' ( )''1 p r  ·, · :� " : 
gas mani fol ds , gas mi x i n an d :,� � i ;  , ; l., t 1 � r, ,.,. , · :1 :1 , :1 :  
1 1 .  
g rminators . 
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The gas . manifolds i the apparatu wer e att ached directly to  the 
high pr es sure regulators on the commercial "bottle s "  for. oxygen an<;i 
carbon dioxide , whi le in  th  cas e  of nitrogen a +ow pres sur e  regulator 
was p�t between the high pressure regulator and the manifold . The gas 
mani fold con s i st ed of a clos ed hard copper tube with 4 openings to 
whi ch out let nipples or plugs could be attached . The des ired flow from 
the mani fold. was s ecured by means of flow met ers which consisted of 
var ipus s i zed small bore capi llary tubes that determined the rat e  of 
flow by the s i ze of bore and length of tube . The flow -met ers were 
I 
calibrated by means  of collect ing the gas over water  with a graduated 
cylinder and t iming the flow with a ( fract ional second ) stob watch with 
50 ml . as the minimum unit of measure for smaller flows and 100 to 500 
ml. as the unit  of measure for larger flows . 
The mixing ( jar , 10 cm . high , 6 cm . diamete� ) and moift ening 
( j ar ,  s ame s i ze , 10 cm . high , 6 cm . diameter , filled with 9 cm . of 
water ) chambers were s ealed with mercury . The germinator while in 
" " 11
1 
h I " t Th operat ion was sealed with "flor i st clay and ce op ane ape . e 
, 1  
tubing was large ly glas s but rubber or plastic tub ing was us ed where 
flexibility was requi red . Leakage was checked with a soap and water  
solution .  
The capacity of the germinator and rate of flow was �as ed on 
I 
oxygen requirement s  for the germinat ion of mu�tard seed Js r eported by 
Taylor ( 4 6 )  in 19 47 . On the bas i s  of the se  data the oxygen [ reQuire-
ment s for 4 replicat e s  of 100 of C .  arvens e seed ( 360 mg . )  were
 eSti-
mated to  be approximat ely 2 . 2 cc . per hour . 
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The seed un er test w s first irradi ated with inc andes cent li ght , 
supplemented by diffuse d�ylight , for 72 hours , and at the end of 240  
hours the seed that had  g r:ninated was counted and removed . 1 The unger­
minated seed was left in t ·  e germinator and its germinat ion in ordinary 
�ir ( that diffused through the gas flow openings and un�ealed coverings 
of the germinator ) determi ned during the ensuing 7 day s . 
The mixtures tested were ( a ) 1 per cent oxygen with 0 ,  1 ,  6 ,  and 
15 per cent carbon dioxi de ; ( b )  2 per cent oxygen with 1 ,  2, 3 ,  anf 15  
· per cent carbon dioxi de ;  ( c )  3 per cent oxygen with 1 ,  2 ,  1 5 , 18 , 20 , 
and 25 per cent carbon dioxide ; ( d ) 4 per cent oxygen with 17 an1 25 
per cent carbon dioxide ; ( e )  5 per cent oxygen with 0 ,  2, 5 r 1 5 , and 30 
per cent carbon dioxide ;  ( f ) 20 per cent oxygen with 1 and 10 per cent 
carbon dioxi de ; and ( g ) 84 per cent oxygen with 15 per cent carbon 
dioxide .  In each c ase the remainder of the mixt ure was l made up of 
nitrogen .  Four of these mixt ures were tested at one t ime . 
The control for thi s experiment was moistened ordinary air that 
was blown through the germinator by an air pump .  Germinat ilon in dif­
fusing ai r also served as a further control . 
The .C . arvense seed used for the study· of the effect s of  var ious 
1 
gas mixtures was at least 1 year old or older ,  from the 19 571 collect ion .  . I 
The res ult s of germinat ion in the various gas mixtures are 
recorded in Table 67 . Although the results were not ent irely cons i st ­
ent , some general trends w re apparent . The totat germinat ion of li ght­
I 
pretreated seed in  the rang of 70 to 85 per cent occurred
1 within 10 
days in the atmosphere o f  the gas mi xtures when oxygen �-fj-
� as low as 3 
I I 
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Table 67 . The Germination o� C . arv se oe�d in Variable Compos i t ions 
o Atmosp 1  re t Room �en perat re* 
Gas mi xture groups ,c las s i fi ed 
according to proportions of 
oxygen and carbon di oxide 
Compos ition of gas 
mixture in ner cent : 
I 
- i trogen Oxygen Carbon 
dioxi de 
( a ) Oxygen great er than 5% 
and carbon dioxide less  
than 5% 
1 .  79 
( b )  Oxygen 5% or le s s  and 1 . 80 
carbon dioxide 5-1 5% 2 . 82 
3 .  82 
4 . 84 
5 .  93 
( c )  Oxygen 5%  or les s and 1 . 6 5 
carbon dioxide greater  2 . 71 
than 15% 3 . 79 
4 . 72 
5 . 77 
6. 79 
( d ) Oxygen les s  than 5% and 1 . 90 
carbon dioxide 5% or less  2 . 9 3  
3 , 9 5  
4 . 96  
5 . 9 5  
6 . 95  
7 , 96  
8 . 97  
9 . 9 8 
10 . 99 
( e )  Oxygen greater than 5% 1 . 70 
and carbon dioxi de 5-1 5% 2. 70 
(f )  Oxygen greater than 5%  1 . 1 
and carbon dioxi de 15% 
20 
5 
3 
2 
1 
1 
5 
4 
4 
3 
3 
3 
5 
5 
5 
3 
3 
2 
2 
2 
1 
1 
20 
15 
84 
1 . I 
I I 
15  
15  
15  
1 5  
6 3q 
25 I 
I 17 
25 , 
20 
18 
5 
2 
0 
1 
2 
3 
2 
1 
1 
0 
10 
15 
15 
or greater 
I 
Average _ _pf  germinat ion in  mixt ures with some sprout ing 
Average of g rminat ion in al l gas mixtures 
* Seed , 19 57 , 400 , light t reat ed for 3 days · 
** Average of 800 , 2 t es t s  of 400 each . 
Germinat ion 
in  per cent 
71 . 5 I 
0 .. 8 
0.0 
0 . 0 
0 . 0  
0.0 
17 . 3** 
2 . 7 
3 . 0 
0 . 5 
1 . 3 
83 . 0 
49 . 5 
1 3 . 7 
71 . 3  
48 . 0  
9 . 3  
0.0 
I 4 .  8 
0 . 7**  
0.0 
86 . o  
�0 . 5 
76 . 5  
36 , 8 
28 . 1 
11 3 
per c t and the carbon d i ox · e was l pe cent . However , tith oxygen 
I 
at �, per cent and carbon d .  x at 1 5  n�r c e  t · t ·  1 � �  n ,  germina i on was e s s  
than 1 per cent . O�gen at 5 per cent allowed germinat ion of 7 0  to 
85 per cent when carbon dioxide was 15 per cent but there was no germi-
nat ion when carbon d ioxi de was 30  per cent . Germinat ion o) 0. 7 per 
cent occur red when oxygen was as  low as  1 per cent when carbon dioxide 
I I 
was 1 per cent. Generally , germinat ion was higher a1 the higher oxygen 
tension s . It increas e d  rather rapi dly with the increase in 1
1
oxygen con­
tent up to 3 per cent and exceeded 70 per cent when car.ban dioxide was 
1 per cent. At 3 per cent oxygen when carbon dioxi de reached the 15 to 
I 
18 per cent level or higher , germination was le s s  than 2 p�r cent. I 
The germinat i on in oxygen and carbon dioxi de gas mixtures with 
ratios  of ( a ) 1 : 1  and ( b )  4 : 25  was tested in two different run s  and 
was as follows : ( a )  1. 5 and 0. 0 , ( b )  14 . 8 and 19. 8 per ce�t. 
I I 
The germinat i on at oxygen and carbon dioxide r at io s  tj f  5 : 0 and 
I 
5 : 2  were det ermined at the s ame t ime while th� germinat i 6n at
1
rat i o s  of 
5 : 5 ,  3 : 2 ,  3 : 1 ,  1 : 1 ,  and 4 : 2 5 were determine d at different rps .  
The analys i s  o f  var iance of the germination result s at the 
v,arious gas mixture s was as  follows : Sources of vari at i?n such is 
I 
replicates , treatment s ,  error , and total had 3 ,  24 , 72 , a , d 99 degrees  , 
I 
of freedom , re spect ively , and mean SQuares of 35. 96 ,  4 5 51. 63 ,  40. 19 ,  
I 
and 1179. 72 respect ively ; and F was s igni ficant at the 0. 5 per cent � 
leyel. · The di f ference s  in 8ermination produced by various gas
 mixtures 
that were statistically significant are given by Tables 67 and 68.
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Table 68. Dunc n u t · ple n e Test for Germination of C. arvens e  Seed 
at oom Te perature n a ixt es o Different Proportion s *  
St at i stical test  for gas m · xtures in which germination ranged from 0. 0 
to 14. 8 per cent. 
Proportions of gas mixt ure ci.nd resultant germination in per  cent. 
Gases I 
itrcpgen 8 9 3  99 96  65  6 5  77  82 79 98 79 72 I 97 95 9 5  71 
Oxygen 1 1 2 2 5 3 3 3 1 4 3 2 1 2 5 4 
Carbon 15  6 0 1 5  2 30 20 15 18 1 17 2 5  1 3 0 2 5  
dioxide 
Per cent -- ---
germi- 0. 0 0 . 0 0 . 0 0.5 1. 3 2. 8 4. � 1 3. 7  
nation 0 . 0 0 . 0 0 . 0 0. 8 1. 5 ** 3. 0 9. 3 14. 8** 
Stat i st ical test for gas mixtures  in which germinatioh ranged from 4. 8 
to  86. o per cent. 
Nit rogen 91 9 5  9 5  71 9 5  9 3  9 6  80 1 79 70 90  70 
Oxygen 2 2 5 4 3 5 3 5 84 20 · 1 5  5 20 
Carbon 1 3 0 2 5  2 2 1 15  15  1 15  5 10 
dioxide I 
Per cent -- ---
I I germi-
nation 4.8 9 - 3 1 3.7 14. 8**48. 0 49. 5 71 , 3 71. 5 76.5 79.5 80. 5 83.0 86.o 
* Duncan multiple range test  method used  as d� scribed  'bYi � - L. 
LeClerg , 19 57 , Mean s eparation by the functional analys i s  of 
variance and multiple comparisons , U . S . D . A . 
** One of 2 different test s run at the same gas mixture. [ 
There is no significant difference between t reatment means , at 
the 5% level, when underlined with a single continuous line. 
lj I I 
:, ·Jo . 
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The germination in 10 days of light-pretreated seed at room tem-
1 
I I peratur�, the controls, in i ffusing air varied from 48. 1 to 94. 0 per 
I 
cent (Table 62) , whil� that in moist moving air was 69 . 5  rdr cent. 
J}t low oxygen concentrations and high carbon diolcide 
[
content ger­
mination, although sparse, was continuous . In the group of 3 per cent 
oxygen with 18 
I 
per cent and 2 5  per cent carbon dioxide and 4 per cent 
I 
dioxi de thb
,, 
g,nninltion 
oxygen with 17 per cent and 2 5  per cent carbon 
dEi.f s , but in  20 was 1. 3 ,  3 . 0, 14 . 3, and 2 . 7  per cent respectively in 10 
days germination was 5 .  5, 7 .  3, 25. 7, and 4 .  5 per cent, respe
1
cti vely . 
1 
I 
The germination of the seed, that had not germinated in the gas 
• mixt�res in 10 days, was generally high in diffusing air at 1oom tern-
perature. However, seed under treatment in low oxygen and h igh carbon 
I I 
dioxi de for 20 days had a somewhat lower germination, in the di ffus ing 
I 
I 
air at room temperature, Table 69 . 
Table 69 . The Germination in Diffus ing Air of the Ungermina�ed Res i due 
, of C .  arvense  Seed Treated in Atmospheres of Varied Compos ition 
of Nitrogen, Oxygen, and Carbon Dioxide · I 
1
Ratio of o2 to CO2 
in gas �ixture of 
previous · treatment 
1 : 1  
I 1 : 6  
3 : 15 
3 : 20 
, 4 : 25 
5 : 30 
3 ·:1-8 
3 : 25 
4 : 25 
4 : 17 
. : Average germinatibn 
Duration of 
gas-mixture 
treatment· 
in deys 
10 
10 
10 
10 
10 
10 
20 
20 
20 
20 
Germination in per cenJ of 
ungerminated seed in diffusing 
air at room temperature in . 
6 days 10 days 
76 . 0  
81. 0 
I 
i I I I 
72. 8 
75 - � 
60 . d  
71. 5 
67 . 2  
34 . 2  
r44 . 4 
42 . 6  
of all treatments in 6 to 10 days was. 62. 5 
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Seed , 2.-year-old, light-treated , that had failed to germinate at 
1 per cent oxygen and 97 per cent nitrogen at room temp�rature in fO 
days was further tested for germination in diffusing air at room tern-
perature and 32 . 2  per cent sprouted in 10 days . Four replicates
1 
of 25 
I 
of this ungerminated seed in diffusing air were s elected anf placed at 
alternating 20 (16 hr . )  and 30 (8 hr . ) ° C .  and 51 per cent germinated in 
5 days . 
I I 
I 
DISCUSSION 
Water Uptake 
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� 
The seed of this species absorbed water readily at all tempera­
tures above the freezing point at 100 per cent relative 
.
humidity 
I
d 
· generally reached almost complete imbibition in 12 to 24 hours at tem­
peratures of 20° C. or above. The rate of absorption for 3 1/2-year-
l 
61d seed for complete imbibition varied from 4 days at 1° C
l 
to 24 
hours at 20° C .  The seed coat and membrane of seed of all ages was 
readily permeable to water from 1 to 30° C. The absorptio� of water by_ 
seed was accompanied, generally, by a fairly rapid incr�ase in respi-
1 
ration ( 44, 36) . 
Temperature at Constant Moisture 
Temperature is one of the cardinal factors in the environmental 
I I 
complex affecting germination of seed. There was little , or no germina-. 
tion generally of 2-year-old seed at the constant :emperatu[
e of 20° 
C . ,  or iower temperatures, on (blue) blotting p'aper, although, no 
doubt, respiration has increased, and metabolic activity is high . 
Apparently, the metabolism in intact seeds held donstant at 20
° C .  did 
t f th l. nvolved 
1o
1 
bri· ng about no activate a sufficient number o e enzymes t 
extensive germination. 
Seed did germinate at a constant temperatur� if it was 
of 
I I 
I 
�ufficientiy high magnitude. An increase of 5
° C. above the constant 
I 
·20� C .  brought about 35 per cent germination of 2-year
'....91d. seed 
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compared to less than 5 p r  cent at 20° c .  but an increase of 100 c .  
. resulted i n  germination, twi ce as great as at 25° c .  The higher tem-
peratures perhaps supplied sufficient energy to bring , the ,enzymes 
involved over the threshold and resulted in extensiv� activity. 
Seed, 2-year-old, treated for 2, 3, and 4 days at hidher temper-
atures such as 30, 35, and 40° C. and tested for germination at a con­
stant 20° C. resulted in a high degree of germin
j
tion. The subjection 
of the seed to 48 hours at 30° C. activated the enzymes w�� ch resulted 
in the development of embryo and subsequent germination. During this 
period at the- high temperature physiological changes took
1
place. This 
period could be called a conditioning stage because tQe se1d later ger­
�inated at the constant 20° C .  The germination of pre�re�t�d seed at a 
temperature, that is not conducive to sprouting of the seed could be 
1 termed , "process of germination". Thus the germination of t�e seed on a 
I 
pape:r substrate could be divided into two broad phases, "conditioning" 
or pretreatment and "process of germination", for purposfs of di�-
cussion. 
Seed, 2-year-old, that had been at a constant 20
° C .
1 
for periods 
of 1 and 2 weeks when placed at a constant 30
° C. either 1 cdntinuousl� 
or
1
for a period of 3 days and then returned to 20
° C. in rio c ase had 
I 
I 
i 
germination that exceeded 28  per cent. Evidently � large part of this 
seed had entered a state of secondary dormancy when i � was at 201
° C • 
for as ·Short a peri od as one week because germin�t ion at a Consu
ant 30° 
C ,  generally exceeded_ 70 per cent . Apparent ly , the  
�e�Jboli sm 
I 
It a 
,' , 
:, ,.,. 
constant 20° C. results in a build up of metabolic prod
,
ucts that 
inhibit germination. 
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High temperatu:r:es during pretreatment of seed
1
may result in 
adverse effects on germination. The respiration at 4o 0 ·C. I treatments 
1 
probably reached such a high rate as to result in an insufficient 
supply of oxygen diffusing through the seed coat and �bus could result 
in rµiaerobic respiration. For example, the respiration of germinating 
. 1
' 
pea seeds varied with the temperature and the respiration intensity of I ' 
germinating wheat was higher at 34° C .  than at 23° C. (44) . �aerobic � 
res·pirat;ion results in the accumulation of intermediary produ¢ts which 
are inhibitory to germination (51) . Another possibility � for example, 
is the case of phytochrome, an enzyme-like pigment begins to become, 
denatured at temperatures greater than 35° c .  in vitro ( 11) . 
The effect of 
year-old seed at 20° 
3 _days in duration. 
cold at 2° C. for 7 days in the germination of 2-
I I 
I 2 and C. was equivalent to the heat treatments of 
Aging also affected the seed, germination percent­
I 
I 
age · increased with age. Seed of various ages had a germin
1
ation that . I 
varied more or les s ·directly with age at the constant higher tempera­
tures and at 20° C. when pretreated at higher temperatures. 
1 
The los s  of primary dormancy as seed ages in dry �torage at room 
temperature could be due to an increase of permeability _ of see� co
at, 
or completion of development of embryo, or the decreas J in concentra­
tion of a- chemical inhibitor , or some other factor. There wrs no 
increase in permeability because the seed of all ages was completely 
I I 
permeable to water and therefore apparently also to oxyg�n - Fresh
ly-
:· ·..,.. 
120 
�atvested seed was induced to germinate more than 70 per
1 
cent. This is 
equivalent to the germination of 2-year-old seed, receivilg a cold ( 1  
day) and light treatmeut. Consequently, the embryo must have been 
fully developed at maturation of the seed . Therefore, 1 the lower ger-
, I 
mination of seed 1 year old or less at higher temperatures compared to 
I I 
2-year-old seed must be due to a chemical factor or , group of factors 
I I 
which inhibits germination and which deteriorates with , a�e if the seed 
1s stored dry at room temperature . The inhibitor is, for the most 
part, stable to moist conducted heat up to a temperature .of 35° C. 
Apparently, heat at 35 ° C. for 3 days activated enzymatic processes in 
the .Q_., arvense seed, which in general resulted in germin
1
ation. 
A treatment by an intermittent temperature of 20 (16 hours) anµ 
I 
30° (8 hours) C .  for 3 days of 2-year-old seed resulted in 1ermination 
at 20° C. of the same range of magnitude as pretreatme�t at 30° C. for 
2 or 3 days and 35 ° C .  for 3 days. This alternation· of tJmperatures 
coinciding with the natural diurnal cycle of high and low temperatures 
for 3 days had an effect on the "con_di tioning" phase of the seed for 
germination at 20° C. equal to that of a high temperatu1:ire of longlr 
duration. The heat treatments exceeding 35 ° C. 
1
in temperatures of less 
than 11� hours in duration of 2-year-old and older seed resulted in - ger-
mination at 20° C. · of about one-half that produced by temperatures 30 
to 35 ° C. High temperatures of 40 to 50° C., of shorter duration than 
12 hours induced somewhat higher germination than 30 - 1 35 ° C. short 
durktion treatments but the higher temperature, apparently ¥ d not 
replace a minimum period of time of metabolism at an l alternate 1 t empera-
·· ·.,_ 
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Seed, 1-year-old, that was treated at 35 to 43°1 c .  for 8 hours 
I 
during the imbibition of water germ1· nated to th t e s ame �f ent as seed 
treated at 35 ° C. for 3 day s. However, treatment at 52° C. tor 8 hours 
I 
resulted in the reduction of the germination by about one-half and a 
week 's  deley- before germination at 20 ° C. began. Metabolis� rate 
. d '  l b 0 , in uced Y 50 C. for 3 hours was conducive to germination because of 
the· acceleration of biochemical processes but when of longer duration 
I l 
the high temperatures adversely affected protein structure� such as I 
enzymes (most are denatured at 60° C .  and above) (34). 
The effect of intermittent temperatures on germination depends 
I 
partly on the summation of the durations of the higher temperature. 
I I 
Seed, pretreated at 30° C. for durations of 24 hours , to 3 days, had 
I I 
extensive germination at 20 ° C .  but was generally somew�at l more rapid 1 
when pretreatments were of longer duration. Germination at continuous 
alternating temperatures included both the "conditioning" and "process 
of germination" phases. If  conditioning took place continuously then a 
. 1 ' 
stagger�d germination could be expected which actually was the case at I ' 
the lower temperature alternations but not at the higher tempfrature � 
oscillations. 
The rapid rate and high degree of germination at � continuous 
alternating 20 and 30° c .  compared to other temperature regimes could 
be considered as further evidence for the hypothesis that there are at 
least two metab
.
olic pathways present �n the seed of this species that 
result in germination. This would also suggest a coro11Jry hypoth
e�is 
that there are at least two different cardinal temperat�.e s . t
he 
alternation of which with d1· st · t d t · 1 
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inc ura ions would result in a h igh 
degree of germination (17) , The 20 - 30° c .  coffibi�ation at l6 and 8 
hours, respectively, induced the more rapid  germination '  in 2-year-old 
seed while the rate at 20 - 30° C. of 8 and 16 ho�s duration was less, 
although the total germination was largely the same. EvidJhtly, a 
longer period of metabolism is required at the higher temperature. 
The two biochemical systems in the seed which, �pparently, 
operate� to ·bring about the conditioning phase of the germihati on were 
I 
replaceable by one system activated by the higher temper�ttlre but 
require� a great deal more heat. The alternating tempe�ature regime 
required an expenditure of 400 degree-centigrade-hours for Jo per ·cent 
germination while the constant 30° C. required 5040 of the heat�time 
�its. 
I 
' I I 
,The germination of the fresher seed ( stored ' dry at ! room tempera-
I 
ture) at alternating temperatures was considerably greater than seed 
I I i 
ger;minated at high constant temperatures or at 20
° C. that had been 
' indu9ed to germinate by high temperature pretreatments. The . apparent 
I . 
effects of the inhibitor on the germination are overcome by metabolic 
I 
activity at alternating 20 - 30 ° C. in the 1-year-old seed to th� 
I 
I 
extent that germination exceeded 80 per cent. An alternative to\ lover-
1 1 
1 
c6ming the effect of the inhibitor was the possibilit� l�at alternating 
te�peratures "triggered" biochemical reactions which resulted in ger-
minat ion whi le at the same time metaboli zed a porti on of tfe inhibitor. 
�fter-ripening of freshly-harvested seed in dry storage at 
room 
I I 
temperature which presumably results in the break down o[_ an inhibitor 
1
1 I 
I I 
I 
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ee s ore ry at is ,largely prevented by sto age at low temperature. 8 1 d f d d 
-12° C. for 3 months and 1 year, harvested in 1959 and 11958, respec-
tively, had about the same ermination at the 
(about 10%) while seed stored for 2 years had 
tion . ' Fresh seed, ha�vested in 1959, kept in 
alternating 20 - 30° C. 
slightly gteatfr g�rmina-
. II 
I 
dry 
1
storagJ at room tern-
perature for 3 weeks, germinated about 50 per cent, at the �lternating 
I 1 1 
20 '
1
- 30° C. The fresher seed had_ considerable variation among repli-
cate  at the alternating 20 - . 30° C. in the first 5 days wh�ch seemed 
to indicate differences in inhibitor levels and physiofogical stages 
I 
the fresh seed and differences in the rate of br�akdown of inhibitor 
and physiological stages in 1-year-old seed. 
Irradiation 
in , 
The effect of various forms of irradiation under d� fferent con­
ditionb on the germination of the seed did not give results that make 
broad generalizations possible but there are some indications o f  
I effects apparent under spec i fi c  condit ions and even b olel grneral trendJ . 
It is  sometimes difficult to distinguish the effects 
1 of high tempera-
I 
tures accompanying the irradiation from the effects of irradiation 
. I 
itself. 
The seed treated with irradiation even when it 
1is at the s�e 
1
1 
temperature as seed in a chamber at a temperature o f  30
° C. is b�ought 
to and ;aintained at that temperature by a different physic�l
 process . 
Irradiated seed because of the low thermal conductivity o f
 organic 
, 
I 
material will therefore by the general physics equatio� __ 
_. o f  heat 
:- j ... , 
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transfer, Q-K A (t2-t1) T ,  tend to have somewhat higher temperature at 
the surface. The highest temperature is generated at the �oundary of 
the seed surface and air . There is a drop in temperature within the 
first 0. 1 mm .  above and b low the surface. The temperiature of the seed 
irradiated was increased from 24 to 30° C. , consequently tJe surface �f 
the seed exposed to the irradiation will have a greater }ebperature 
than the rest of the body of the seed. However, this surface tempera­
t�e at the solid-air boundary cannot be measured by the melcury ther­
mom�ters used in these studies , consequently parts of, the seed surface 
;ill have had temperatures greater than 30 to 31° C. I 
I 
, The treatment of 2-year-old seed with inca.ndescen�. 
1
l light at a 
I 
temperature of 31 ° C. for 2 or 3 days resulted in a high de1gree of ger-
1 I I i 
mination at 20° C. The pretreatment in light was largely s imilar in 
' eff�ct to pretreatments for 3 days at 30°
 C. and 35° C. and .cold fdr 7 
I 
days . The penetration of the electromagnetic rays 'to, the interior por-, 
I I 
tions of the seed that are capable of inducing c�anges in molecular 
I 
structures and increas ing the temperature at the same time, has \
l I ' I  I 
apparently, resulted in a somewhat more rapid but not
1 �y more exten-
s!ve germination of older seed than increasing the temperature by 
I 
conducted heat to 30° C. 
I The germination of fresh seed (1959, kept in dry storage at room 
I 
temperature) pretreated with incandescent light was greater than 
germi-
1 
nation induced by e:ny type of temperature treatment tiJh l c1ndu
cted 
heat, consequently, the probability is high that the presum
ed inhibitor 
I I 
.. ·., , 
I 
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was reduced and the accompanying high temperature stimulated enzymatic 
Processes which culminated in germinat1· on. A tl th 
1 
• pparen y, ere is the 
· possibility that the light treatment has about the same effect on the 
ihhibitor as a year of dry storage at room t t empera ure. 1 
I 
j The reaction of seed stored at low temperatures to incandescent 
light differed from fresh seed kept in dry storage at room temperature . 
Seed, 2-year-old, stored at -7° C. had a reduction in germination when 
I I 
irradiated with incandescent light for 4 days at a temperature of 30° 
I I 
C. The effect of dry storage at high summer temperatures on the seed  
I r 
is approximated by 2 weeks of far-infrared ir�adiation ,at
! 
30° C .  of 
1-year-old seed stored at -12° C. 
Seed, such as the 2-year-old, that has undergone- the condition-
in� phase while irradiated with incandescent light did not experience 
' 1 ' 
any more conditioning effect when placed in the dark at a high tempera-I 
ture, such as 30° C .  
at 30° C. 
I 
The germination process was as rapid at 20
° C. ,s 
I 
The white-light and far-infrared treatments at 3P
° C. were 
. 
I 
equivalent to the 35° C .  heat pretreatment for 2-year-old seed but not 
I 
for fresher seed if stored dry at room temperature . Apparently, the 
inhibitor present in fresher seed wa� affected by the incandescent 
. . light and far infrared but not by conducted heat . 
The 2-year-old seed irradiated with the 100-watt red bul
b had 
I 
the 1
1
0�;st germination in total and rate of the three types
 of irradia-
tion treatment while seed irradiated with far infrared fro
m the black 
bulb had the highest total and rate of germination . H
owever, 
· :•. -: .. _ I 
I I 
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differences among the three types were statistically significant only 
in rates of germination. S ince the infrared induced the most rapid 
· germination , apparently, th inhibitor and the embryo are affected most 
I , 
by the longer wave-lengths . In nature infrared can be p.rt important 
I I factor in seed germinat�on because it may reach seeds under conditions 
whi ch screen out and absorb shorter wave-lengths of solar irradiation. 
The cold and light pretreatment of seed resulted
1 
in a hig� 
degree of germination at 20° C .  and compared to other1 pretPeatments the 
effect was greater on seed with higher levels of pri�ary dormancy. In 
the case of 1-year-old and fresh ( stored at room temperatire) seed th� 
effect on the germination at 20° C .  was more or less the �um of the 
effects of cold and light when applied singly. Howe�er, cold- and 
light-pretreated fresh seed germinated only slightly at 2�° C. There-
. I  
fore , it would appear that the conditioning phase for fresh seed is  not l 
completed during the cold and light pretreatment. 
1The temperature and duration of the cold treatment af:ftect s the 
sensitivenes s  of the seed to the light treatment at 31° 1 c .  and heat 
treatment at 30° C .  Seed, 1-year-old, frozen at 0
° C. for a week �d 
then treated with light ( at 31° C.) for 3 days had a germination at 
20° C. which indicated that only light operated as a fac1tor in geryina-
• tion induction. Seed at 1 to 4° C .  for 2 weeks and then
1
placed at 20° 
q. or 30° C. for germination as further conditioned by light (at 1
3 1
° C.) 
and then germinated at 20° C. had in all cases les � germi�
a1ion than 
when the cold treatment was one week. Evidently, there i
s little 
metabolic activity at o0 c .  while that at 4° C. if contiP._Uef for longer 
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than a week induces seconda ·y dormancy. F h �d h res se  t at fai led  to ger-
minate at 20 ° C. in 2 month s  further treated at 1 ° c .  for 151 days  failed 
. to germinate when replaced at 20° C. and i s  another c�se of secondary 
dormancy. Secondary dormancy , apparent ly , i s  not readily revers ible by 
I 
a light treatment . 
The germinat ion of 2-year-old seed at the alternat inJ 20 - 30° C .  
with 8 hours of fluores cent li ght at the high. temperat"4-Te was the most  
rapi d of  any of the methods tested. The germination wa
1
s ovir 8 5  per 
cent ·within 5 days. Thi s was in the s ame class as pretreatment s whi ch 
were followed by te st ing at 20° C .  such as (1 ) premoiste�i ng at 20° C .  
for 2 days followed by 3 days of light , (2 ) cold and ligq� treatment , 
( 3) 3 days at 35° C. , and ( 4 )  far- infrared irradiation for 8 days . The 
I I . # 
alternat ing temperatures bring abqut germination through one 1 set of 
pat9ways while the l i ght at the higher temperature probably affect 9 
I .  
germinat ion further down the chain of event s whi ch 1 result s i n  the i n it-
iation of the development of the embryo. 
I 
Varied Paper Sub strates and Wett ing and Dryir,-g qf' See d , \ I 
I I I 
The germinat ion of the seed of thi s species  was affe cted  by the 
kind of paper in the sub st rate and by the concentrat ion of seed �er 
square1 unit of surface. The seed of three different ages including 
fresh seed germinated  to some extent at a const ant 20
° C .  on fi lte r  
paper a s  a substrate but very little on blue blottin� taper . The ger- 1 
minat ion at 20° c .  of' 2-year-old seed when 100 seeds , peJ biotter ( 12 x 
12 cm. ) was les s  than 1 per cent but reached 86 per cent in 21 days 
., ·.,,, _ 
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when the concentration wa 500 to 800 seeds per blotter . Thk writer 
I 
suggests that the germination is induced, when there is a large number 
of seeds per square unit of substrate , by the leaching of growth-pro­
moting material into the substrate where it is concentrated and is 
reabsorbed by some of the seed and results in germination . l If a paper 
substrate will absorb inhibiting materials and affect the germination 
of seed (38 , 42) the absorption and action of chemicai promoters could 
I 
take place just as readily. Germinating seed may result in further 
I I 
. release and leaching of growth promoters and continued stimulation of 
the seed with consequent germination . 
The moistening, drying, and remoistening of seed that has 
la�gely lost its dormancy has about the same effect on the germination 
as ·various combinations of temperature pretreatments. Tqe moistening, 
I ·j 
slow drying at room temperature in the dark., and remo:it. stening for 5 
days of 1957 seed resulted in 66 per cent germination at 20
° C .  which 
is considerable but less than that resulting from pretr�atment at 35
° 
I 
I 
C. for three days. The seed absorbed water readily. and apparently the 
I 
I 
moistening and drying did not affect the permeabilit� of �he �eed coat 
or membrane . Therefore 9 the embryo must have been affe,ctTd . by this 
treatment. 
Atmosphere 
The germination of the seed is affected by the · t · composi i on of 
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the atmosphere. The seed was apparently as permeable t� oxyfen as to 
water because increasing the oxygen concentration to 84 per cent did 
not increase germination. The light-pretreated seed of this species 
germinated 70 per cent or more at room temperatur� in quite variable 
mixtures of nitrogen, oxygen, and carbon dioxide. The conditioning 
phase under incandescent irradiation treatment resulted in a high 
degree ·of germination at all levels of oxygen and carbon dioxide. In 
support of this supposition is the case of ungerminated ( 100%) ,seeds 
I 
from a 02 : C02 : : l : 6  10-day treatment which when put in 
14iffusing air 
i 
germinated more than 80 per cent in 6 days. However l the germination 
process for 70 per cent sprouting required generally 3 per cent oxygen 
or more when the carbon dioxide concentration was 1 per cent. When 
carbon dioxide concentration was increased to 15 per cent then about 5 
I ' 
per cent oxygen was required for germination that exc·e�d�1 70 per cent. 
I I 
An increase in oxygen concentration to more than four times normal and 
carbon dioxide to 15 per cent did not increase the germination compared 
to normal _oxygen and 1 per cent carbon dioxide . Also,1 ' the aeratlion of . 
light-treated seed with ordinary air did not result �n greater germina-
I 
tion than that in diffusing air. The only obvious effect of 'carbon 
dioxide- -was to partially inhibit the germination process lat a partial 
pressure o f oxygen of less than 5 per cent when carbon di,oxide concen­
tration gets to be four times as great as the oxygen. conc·entration, and 
_. ·,# . 
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it was completely inhibited when carbon dioxide codcentration was 
increased to six times that of  oxygen . Changes in carbon di16xide con­
centration by multiples of 1 s s  than four when oxygen pres sure was suf­
ficient for sprouting did not accelerate or retard germination. 
The oxygen and high carbon dioxide apparently did not l induce 
secondary dormancy in this seed if treatment was not contiptled beyond 
10 d�ys at room temperature . Seed exposed to such a gas, mixture gen-
erally germinated about 70  per cent or more when put in diffusing air. 
Howev,er ,  when treatments of seed in gas mixtures low in oxygen and high 
in carbon dioxide were extended to 20 days reduced germin�tio� 
resulted, when placed in diffusing air . This reduction byl � 20-day 
treatment could pos sibly be due to temperature effect s, such 1 as a room 
, I � 
temperature that has o scillations too small in range to be eftective in 
'stimulating germination. Seed with reduced germination in diffusing air 
I 
at room temperature when placed at an alternating 20' -, 30
° C. had 
I 
additional germination. Secondary dormancy in other species has been 
I 
I 
reported as  being induced by low oxygen and high carbon dioxide � f3 ,  
1 , I I ' . I 
8 ) . 
.. • .> 
! ! 
1:,31 
Soil 
Micro Scale 
I 
Temperature. The germination of this see� varied with the sub-
strat e  to some extent. Germination under most temperftillje regi�
4s was 
generally somewhat less in soil than on blotting paper' �
l
ubstrate. 
Aeration was probably somewhat more restricted and there was grearer 
growth of the microflora in an unsterilized soil than on ptper, conse­
quentl�, both factors could have some effect on the germination. How­
ever , under some conditions the results of germination on blotting 
I 
paper and in soil were reasonably close. 
I I 
The germination of the seed in soil varied some�hat with mois­
l 
ture content, considerably with temperature, and much more with the use 
I 
of or lack of pretreatment, and with the type of pretreatment. The 
pretreated seed germinated readily at temperatures froJ 18° C. to 3b 0 I 
C. and at moisture contents from 5 to 25 per cent while untreated ,seed 
germinated only at the higher temperatures and at the higher �oisture 
contents of 10 per cent or more. 
The germination of untreated seed, 1 1/2-year-old, at a constant 
I 
I 
temperature of 20° c . ,  at field capacity, was less than 5 per 1 cent 
I 
while the germination of light-treated seed ex�eeded 75 per cent . The 
soil at 20° c .  and moisture content at field capac�ty had about the 
same effect on the .germination of the seed as blue blotting paper in 
contrast to filter paper. As the germination in soil would consist1 of 
two phases, the conditioning phase and the germination process, the 
1)2 
lack of germination at 20° w ld b d t · ,  ou e ue o the low degree of con-
ditioning at 20 ° C. because seed conditioned by a light prrtreatment 
germinated to a large extent at this temperature. 
The germination of untreated seed in soil with a moisture con-
tent of 20 per cent was increased when the t t · · b empera ure �s  raised t 
· 10° C. (from 20 ° C. ) but is still only one fifth
1
of that on blotting 
·paper, while the germination of the light-treated seed exceeded , 7 5  per 
cent for both types of substrate . Since the germination of 1 light-pre-
1 
treated seed at 30° C. was high, the aeration must have been sufficient 
for the germ�nation process. 
The germination of untreated 2-year-old seed in �oil at 20 per 
I 
cent moisture content at the alternating 1 5  - 30° C. and 20 -1 30° C. 
was over 60 per cent while the germination of the light-pretreated seed 
was over 80 per cent . However, in contrast, the germinatiob of un­
treated seed on blotting paper at alternating temperatures of the same 
periodicity was just as great as that of light-pretreated seed. The 
higher germination at the alternating temperatures 1 compared �o a con­
stant 30° C. could be due not only to the favorable effect on the 
metabolism of the seed in the conditioning phase, but also partly due 
to the increased aeration brought about by the a1iern
1
ate heating and 
I I 
cooling of the soil mass. 
Temperature and varied moisture. The reduction or j the increase 
of moisture content of soil below or above field
. 
capacity had little 
I I 
effect on the germination of untreated seed at ·20
° C • while lthe effect -
I 
I 
on the germination of untreated seed at 30
° C .  was sligh� and variable ;  
:, ·J,. 
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but at either tempera . , , · r, ermination was nil when moisture content 
decreased to 5 per c 1 1 1 or less. There was less gerlninat:i'.on of 1 1 /2-
year-old seed at 10  er cent moisture content at both 20° c .  ' and 30° c .  
The germination of 2-year-old seed which generally sprouted more 
readily, was nil at 30° C .  when moisture content was reduced to 10 per 
cent , The germination of light-pretreated seed at 20° C .· exceeded 75 
p�r cent throughout a range of 10 to 25 per cent moisture content while 
I 
at 30 ° C. the germination decreased at lower moisture content,s. The 
� 
germination at 5 per cent moisture content was low at eithet tempera-. 
ture. The conditioning phase of the germination appears to �equire a 
higher moisture content than the germination process .. 
l 
The germination 
I 
process was not markedly affected until moisture content decreased to 
5 per cent or less at 20° C. but at the constant higher temperature 
moisture stress became apparent with a 25 per cent reduction of m9is-
• . ture content below field capacity . 
The germination of untreated and light-treated seed at alter­
nating temperatures varied with changes in the moi.sture con�ent of the 
soil to a minor degree but decreased sharply at 5 per cent moisture 
content or less. The germination at the two alternating t�mperatures 
was generally about four times as great as the germinat[on at 30° C. at 
nearly all moisture levels. The germination at the alternat�ng 20 -
I I 
30° C. was generally somewhat less than at the alternating 15 -
30° C. 
t at 20 I 30
° C. which could be due to the average higher tempera ure 
� 
The germination of the light-treated seed was always gre
ater than that 
of the untr.eated seed except in the cas
e of moisture cont .. ent grea
ter 
134 
than field capacity. Also, there was appreciable germination of light­
trea ed seed at 5 per cent moisture content. None of the untreated 
seeds germinated at this moisture content. The conditfoning phase of 
I I 
the germination of the seed took place almost equally well in a wide 
I 
range of moisture content, from 10 to 25 per cent, b�t �P in th� I  case 
I I I 
of seed conditioned at field capacity it was always less than that on 
paper substrate. The water available at 5 per cent moisture con1ent 
was insufficient for both the conditioning phase and the �ermination 
process to take place. The water stress is less at lower t emperatures. 
I 
The conditioned seed and seed in primary dormancy ge1minated over a 
wide range of soil moi st ure cont ent s but the extent �f
l
gfrrliinat i on 
varied with the temperature. 
The rate of germination of untreated seed in soil varied with 
the type of temperature regime and moisture content while rate of ger­
mination of light-treated seed varied more with temperature and lelss I 
with moisture content. The germination rate of untreated seed was 
generally greater at the alternating 15 30° C. at most moisture 
levels than at 30° C. or alternating 20 - 30° C. Although the total 
I 
germination at the three t emperature regimes were greatly different, 
the rat es were approximately equal . The rat e at �° C .  decJeas e d  with 
a decline in moisture content. The rate of germination 'of light­
treated seed was less, generally, at 20
° C. than at higher constant and 
at the alternating temperatures. The rate at 20
° C. and alternating 
I 
15 - 30° C. was less at · the lower moisture contents. At 30
° C. and 
alternating 20 - 30° c .  the rates were approximately eq�al at most 
;, ·,.,, _ 
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I moisture levels . Consequently , the conditioning phase, apparently took 
I 
place more rapidly at the alternating 15 - 30° c .  than , �t the other 
temperatures . The process of germination took place m�re ra�idly at 
I 
the higher constant and alternating temperature regimes. The rate of 
germination was lower in soi l than on blotting p�per. 
Seed, 1 1/2- and 2-year-old j in soil at low and medi� tempera-
I ' 
tures and high moisture contents and seed in soil at hi�h ' temperatures 
� j 
and low moisture contents for a month or more apparently entered into I 
secondary dormancy. Seed, untreated, in which dormancy had been 
induced by constant temperatures of 20° C. and less and 1high mois�ure 
I 
content did not germinate at an alternating 15 - 30° 1 .  or a constant 
30° C. , but germinated (80 per cent) at an alternating 20 1 - 30P C. 
Dormancy induced in seed on blotting paper at � constant 2p° C. was not 
broken by an alternating 20 - 30 ° C. Consequently, there is the possi­
bility that germination inhibitory metabolities forme� at a constant 
20° C. are absorbed by the soil and removed from the _vicinity of the 
1 '  
seed. Ungerminated residues of untreated seed at 20
° C. with moisture 1 
( t ) 'h 
• ') 
content of 10 per cent germinated appreciably 15 per cen wt�en mois-
ture content was increased to field capacity. Ungerminated light-pre­
treated seed in soil at moisture content of 5 per cent g6rminated 
almost completely at 20° C . , when moisture content was increased t� 
field 'capacity. At 30° c .  the same seed with the same treatments did 
not germinate at all. Seed that had completed the conditioning phaj
e 
�f germination and was in dry soil at high temperatures eht
ered into 
s�condary dormancy or was killed. :· ·� . 
The s econdary dormancy induced in seed in soil �ith moisture 
I 
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content ranging from medium to high at constant tempera�ures of 20 and 
30° C. was broken to some extent by drying soil and seJd for 
1
a· week at 
I 
room temperature and then remoistening the material. However, the ger-
mination induced by drying and remoistening was only about a third of 
I 
that induced by alternating 20 - 30° C. temperature regime in seed  that 
' ' 
had become dormant under the same conditions. Further �rying and 
j 
remoistening resulted in some additional germination. 
1
Drying and 
remoistening induced quite extensive germination at medium temperatures  
in seed  not affected by s econdary dormancy but was muc� 1 les s  e ff7ctive 
than high alternating temperatures for the induction ?f gerpiination in 
seed with s econdary dormancy. 
The germination of the cold- and light-treated, i �/2-year-old, 
seed in soil varied greatly from germination on paper. The germination 
at 30° C. when soil moisture content was at field capacity was only 
about 50 per cent while the germination at 20° C. was les s  by two-
, 1  
thirds than that o f  light-treated seed. The germination at 30
° C .  and 
20° C. at 10 per cent moi sture content was less  by one-half 9r more i� 
comparison to field capacity and nil at 5 per cent moisture �ontent. 
The germination of  light-pretreated seed at 20
° C. exce�de d  80 per cent 
at moisture content of 10 per cent or more but at 30
° C. there was a 
I 
cons iderable reduction in germination with a decrease in moisture con-
tent. There was appreciable germination even at 5 per cent moisture at 
i I 
.both temperatures. However, the cold- and light-treated' s eed  germ
i-
nated under a wide range of temperature, including temp�rature
s as low 
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as · 4° C .  There is the di tinct possibility that in the �old and light 
I I I treatment of the seed germination promotion materials ' were leached from 
the seed and were absorbed and removed from the vicinity of the seed by 
the paper. 
Macro Scale 
Depth. The germination of seed and emergence of s�edlings in 
soil on a macro scale with moisture content fairly consta�t at field 
capacity and at greenhouse temperatures was generally high . The aera­
tion at shallower depths in soil in greenhouse flats ·was probably 
better than in soil cultures in the laboratory . The gre_ehhouse temper-
atures during the other three seasons were a modified r,eplica -of field 
conditions with reduced maxima and minima. 
'\ 
I 
The range of temperatures · 
approximated that of an alternating 15 - 30° C. fairly closeiy. 
The germination of seed on the macro scale was. gene1ally meas-
ured by the emergence of seedlings and consequently three phases of 
development ar� apparent, such as, conditioning, the germination pro­
cess, and the emergence of the sprout. The measurement of germina1ion 
by means of the emergence of seedlings also meas�red the vitality of 
the seed at the same time. 
The germination phases of conditioning and the proce �s of ger-
mination of the seed in soil with moisture content maintained at near 
field capaci�y in the greenhouse were affected by depth. �he germin
a­
tion
1
or 1-year-old seed (of the 1957 harvest) at 1-cm . Jepth (t
he con-
. t ·  I f trol for depth experiments ) was equivalent to the germ1na i
on ° 
I I 
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1-year-old seed (1958) in laboratory tests with soil subst:ate at I 
altelrnat ing 20 - 30 ° C .  at 20 per cent mo i s ture content . The
! 
germi na-
tion (not emergence) durin the spring at depths of 9 i to 10 cm. , of 
2-year-old seed, untreated , was only one-third of that in soil at near 
field capacity at the alternating 20 - 30 ° C. One factor that would 
result in lower germination would be the decrease in temperature 
oscillations with depth. However , the germination o� light-pretreated 
, I 
seed at 10 cm. was only one half of  cold- and light-pretreatkd seed at 
2 cm. Consequently, temperature was not the only factor that affected 
germination. The conditioning phase of germinati1n was probably not 
affected by poor aeration but the germination process may �ave been 
affected. 
I • 
The emergence of seedlings from various depths in soil was 
dependent on the extent of elongation of the hypocotyL. Th� 1956 
1-year-old seed pretreated with cold and light had optimum 1 Jrmination 
I 
at 0. 5 cm. and appreciable emergence at 3. 0 cm. at greenhouse tempera-
tures and moisture content near field capacity. The 1957 1Jyear-old 
I 
pretreated seed had optimum germination at 2. 0 cm. and the maximum 
emergence at 5. 0 cm. The average elongation of hypocoty�s, 2. 7 c�. ,  
from light-pretreated, 2-year-old seed in soil at � depth 1 
1
ff · 10. O cm. 
w�s one half of the average elongation of hypocotyls at an ,1ternating 
20 - 30° C. on paper. At 20 ° c .  one half of elongated hypodotyls was 
in the range of 1. 1 to 3. 0 cm. , and only 2 per cent exceeded 4. 0 cm 1 . 
I I 
Consequently even without obstructing soil there wa? only a small 
fraction of the hypocotyls that exceeded 4 cm. in leng�� .• > ·,.,. , 
There:f1ore 
I 
139 
only a small fraction of prouting s eeds at depths below 3 cm. emerged. 
gone 
the 
te d  
Freezing and thawing. Seed, 2-year-old (1957), that had under-
freezing at -12° C. for 8 
surface of the soil and at 
and emerged from depths of 
hours and thawing daily for 2 we eks �t 
a depth of 3.0 cm . in 
1.0 and 3.0 cm . about 
I I 
the soi� 
the, same 
germina-
as the 
control. Seed frozen for two weeks and then conditioned for a month by 
I 
freezing and thawing in soil apparently was so weakene d  that little 
emerged. 
Field 
Eastern South Dakota where the germination of the seed a,nd emer­
gence of seedlings was studied in the field is a regio9 which is subject 
i I . 
· to a markedly continental climate . The four sites were located in 
I 
areas that ranged from the Mixed Prairie (dry ) to the Tall Grass Prai-
rie (quite moist) and included the corresponding soil regions surh as 
the Chernozems (Mollisolls) .  
I ' 
The germinat ion of untreated s eed in the field ip ' l958, at the 
I j I 
1-cm . depth, although planted approximately at biweekly intervals 
throughout the s eason, took place largely in May and June, and to a 
lesser extent in September at most of the sites. Seed plante d i' early 
I 
April, with average maximum temperatures at about 20
°
1 C . ,  at Brent
ford 
when moisture content was at or above field capacity did pot 
germinate 
until l�� e May when maximum temperatures incre.ased to 3.3
° I C .  although 
the moisture content then was less than 5 per cent, bel
ow the wilting 
point (10 to 14%), at the time. There was emergence  _
in
.
May of  see d  
I I 
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planted in the s ame month at two of the sites, in one cas e where mois-
1 • 
ture was ample and in the other case soil moisture cqnte�t was I iose to 
I I I 
the wilting point but where there had been about 1 inch of rain subs e-
quent to planting. The moisture content was close to or 1 th th ess  81° e 
wilting point at the other sites  where the Mey plantings �id not germi­
nate. The rains in June at all sites, except Brentford, with conse-
quent increase in soil moisture resulted in the germ�nation of s ee d  
from May and June plantings. Evidently, the seed unieJw.fn� the condi-
tioning phase at temperatures prevalent in May and June, when maximum 
I 
temp
1
eratures ranged from 30 to 35° C. There was little germination of 
s eed planted  in July although moisture at two of the sites  was about 
the same as in June but temperatures were higher, abou� 33 to 38° b .  
The germination of s eed  that had been in soil for a month or more, 
before temperatures and moisture allowed germination was genlerally 
close to the magnitude of the germination of recently planted  s ee d. 
I 
Seed planted earlier continued to germinate in July and 
1
to s?me extent 
in August at the s it es that had moisture content efceeding 1b per cent. 
Subsequent emergence in June and July was frequently gre1ater than the 
initial emergence. The conditioning phase was apparently continuing 
over a longer period of time under field conditions than in the green-
1 
house and laboratory. In laboratory experiments part of the seed  could 
d . 35° C. but a be conditione d  for germination at temperatures excee 1ng 
large proportion, apparent ly, rapidly entered a stat e' of s econdary dor-
1 
mancy. The lack of germination of seed planted in Ju�1 and August, 
· when temperatures  ranged from 33 to 47° C • , could be liue to 1the 
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induct · on of  on dary dorm:rn Y subsequent to  or  at the same t ime as  the 
seed unde rwent the condi tioning phase . H th 
1 owever, e germination proces s, 
I I 
. apparently took place at higher temperatures in seed that completed the 
condit ioning phase . 
I 
Seed planted during the warmer months of July and 
August i f  moi st ure content was very low germinate4 later irt the coole r  
I I 
part of the season, s uch as September ,  when temperatures ranged from 
33 · to 35° C . , i f  there was s ufficient moisture . But seed planted in 
I l soil with a moi sture content close to field capacity duridg prevailin� 
heat followed by a period of low soil moi sture and cont inued high tem­
peratures di d not germinate appreciably at cooler temperat ures even 
I 
I 
when moisture was s ufficient , except when the perio.d of high tempera-
I 
tures and low moisture was two weeks or les s  in dur�tion or was a 
sequence of biweekly periods of low and high soil moisture ·content at 
I 
high temperatures .  Seed planted in April , May, and June did not have 
further appreci able germinat ion , with the return of �he. cooler,  more 
moist condit ions of September . Evi dently , seed in soil that had not 
I
I 
completed the ·conditioning phase at cooler temperatures ·when s ubjected 1 
to higher temperatures entered a st ate of secondary dormancy . 
Seed planted in July and August during periods of high moi sture 
I 
content s ubsequent ly followed by a month of hot dry we�ther germinated 
when soil moi sture was brought to field capacity in September by arti-
1 
fi cial watering . Apparent ly , excess  moi sture (even i f  only for a short 
time) a€ cool · temperatures part ially breaks dormancy induced in seed 
subj ected to a long dry spell . 
. I ! I  
I I 
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The seed  of th i s  spe i es when the conditioning phase had bleen 
largel� completed , by artifi cial pret reatment , germinated �t the 1-cm. 
depth in the field at average maximum temperatures of 30 · to 35° c .  and 
moisture content exceeding the wi lting point (about �O �o 14% for the 
loam s oils  of the s ites ) .  Pret reated seed planted i n  Apbii  ( at two of 
the s ites ) ,  in 1958 , when the average maximum temperat ures! were at 20° 
C .  did not germinate unt il  maximum temperatures increased to 30° c .  in 
early May . Evi dent ly , the germination process  di d not 1 take place in 
the field when the average maximum temperature di d not exceed 20° C .  
although under laboratory conditions pret reated seed germinated at a 
constant 15° C .  on a paper subst rate . Germination in the field at all 
4 site s  took place , largely , during the cooler months of May , June , l and 
September when the average maxima ranged from 30 to 35° C .  ferminat ion 
was largely nil , in July and August , when the ( ave�age ) maxima were 
greater than 35 ° C. The germinat ion process  took place rapidly in the 
field at temperat ures with maxima ranging from 30 to 35° C. and at 
moisture content s greater than the wi lting point . However , when the 1 
average maximum temperature exceeded 35 ° C .  even when moi sture was 
suffic ient germination di d not t ake place . 
A portion of  the pretreated seed in the field � apparently 
remained in the condit ioned phase (or retained the eftJct s o f  the con-
II I 
ditioning ) , when conditions did not allow germinat ion. Pretreate
d seed 
retained the e ffects of condit ioning for about a month dur�ng 
April and 
Mey- when temperatures or moi st ure content or both were too 
low fbr ger­
mination . Pretreated seed planted in moi st soi l at s
ue� temperatures 
. I 
as prevailed in the month of June completed sprouting with�n 3 weeks 
while seed that had been held quiescent by environmental factors (lack 
of moisture) had its germination spread over a period of 6 weeks. 
I 
I 
Apparently, the cool moist or cool dry soil environment induced partial 
dormancy which was overcome by higher temperatures in mois� soil. 
Under laboratory conditions storage at 20° C .  of (lig�t ) pretreated 
s eed of a month in dry soil did not affect the conditioning effect 
• I 
because such seed germinated rapidly and almost. completely when suffic-
ient moisture was added, as already pointed out, previously. But 
storage at 30° C. of such seed (under laboratory 
[
conditions) for a 
month in a dry soil affected the physiological status of 1�e condi­
tioned seed, because the addition of moisture did not result in germi-
nation . 
I Apparently, s econdary dormancy had been induced. However, 
under field conditions in July and August when maxima, excefded 35
° C . · 
the conditioned s eed  in dry soil retained the pretreated cohdition for -, I 
a month, but apparently became dormant in su�h an enviro'runent within 6 
weeks. 
Pretreated s eed planted in moist soil at temperatures too high 
fo� germination and then exposed to reduction of soil m9isture cpntent 
at high temperatures did not germinate when subsequently $Ubjected to I 
J j 
c1ooler temperatures  and higher moisture content • But, pretreated s eed I 
planted at high temperatures in dry soil when subjected to l s pmewha
t � 
lower temperatures and higher moisture content did germinat
e. 
:· ·.J,. 
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The results of the 1958 germination tests in the( field indicated 
that under South Dakota climatic conditions seed that ha! c
1
ompleted the ' 
conditioning phase of germination sprouted largely in Mey, I June, and 
Sept mber, and occas ionally in July . 
The germination in the field in 1957 of pretrea}ed seed planted ' I I 
in mid-June to mid-September was similar to that of a similar period in 
1958 . As in 1958 seed frequently continued to germinate for long�r 
periods than 2 weeks and if temperatures were too high or moisture too 
low during the first 2 weeks after planting the seed germinated whem 
temperatures decreased or moisture increased or both conditi�ns became 
more conducive to germination . 
The germination of either pretreated or untreated seed of any 
planting in the field during any one period in 1957 or 1958 was gen-
erally les s  than germination in the greenhouse and les s than germi
1
na­
tion under the most favorable germination conditions in the laboratory . 
The magnitude of the germination of the pretreated seed in the field 
resembled that of light -pretreated s eed in so.il  with I a moisture' content 
of 5 per cent at various temperature regimes in the la�oratory. The 
ij I 
germination of the latter varied to some extent with 1th� location of 
the s ite and was lower in 1957 and 1958 for pretreated and untreated 
I 
se�d at the western s ite, with more arid conditions, than at the 1 three 
eastern sites . The highest germination of any planting in the field in 
I ' 
1958 of -untreated seed in the field was 34 per cent whi�e jthat of pre-, I 
treated seed was 41 per cent, which was about one half of the germina-
tion under favorable sprouting conditions in the labor�tory an
d 
greenhouse. However, germination in the field resembled quite closely 
the germination obtained with cold- and light-pretreated seed in so�l 
at constant temperatures of 18 to 31° C. The higper germination of 
unt rea�ed and pretreated seed of the 1958 season occurred during June, 
the first half of July, and early September. The plantings pf pre­
treated seed in 1957 from late June to September had highest germina­
tion in early September. 
Seed that had completed the conditioning phase fo1r germination, 
either by treatment in the l�boratory or under natural conditions , 
I 
sprouted under more varied conditions in the field such as a moisture 
content or temperature too low for the conditioning phase tJ take 
place . If temperature and moisture conditions were such as to allow 
germination· the pretreated seed, generally, germinated more rapidly and 
in a greater proportion than untreated seed. The �verage for planting 
throughout the season at Castlewood was about the same as that of the 
late fall planting but the seasonal average for plantings at Brookings 
I I • 
was greater than that of the fall planting . Evidently , the condition­
I I 
ing effect on the seed during the season was by and large equal to the 
effect of winter and spring conditions. 
t d Planted ' th' e previous late Seed, both pretreated and untrea e , 
I 
summer and fall as well as the seed planted in spring had thf earliest 
I I 
germination in 1958 at three of the four sites in the fi�st two weeks 
I 
of Mey . · -since 1958 spring temperatures were above the long rterm 
average, germination should be expected to be somewhat �ater in a c
ool 
season. While untreated seed planted in spring, in early Apr
il, did 
· /t. ! 
not germinate at the western s ite till late May seed plant�d at the 
eastern site, Gary, in late April germinated in early M�y . Tempera­
I 
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tures were about the same but moi sture content was so�ewhat higher in 
I 
Gary . However, pretreated seed planted in spring, in early April, ger-
minated at the same time as fall-planted seed . Although the germina-
tion during the season seems to be related to temperature ,conditions 
that occur during certain periods of the season, a t1ndency for this 
' I 
s eed to germinate more readily at certain perio�s of the so]ar year in 
spite of less  than optimum temperatures must not be ruled out . 
The effect of being in the frozen state o1er winter and the 
freezing and thawing of fall and spring had apparently no rriarked effect 
on either untreated or pretreated seed planted dur_ing a largely frost-
free period in spring . 
I 
Evidently , dry storage at room temperature had 
a greater afier-ripening or conditioning effect than freezfng and 
thawing . The somewhat lower germination in the spring, of 1
fkll-planted · 
s eed  could be due to the induction of secondary dormancy induced by 
cool temperatures over long periods of time. This conditidn was not 
over�ome by freezing and thawing . The general failure of s eed planted 
before late August to germinate the following spr ing 
1
is !probably! due to 
the induction of s econdary dormancy during that Prriod wr'�ch is not 
iffected by subsequent periods of cool temperature . 
The results of the germination of seed planted in , l�t�
 fall a� 
Castlew;od were of the s ame order of magnitude as results of 
germina-
l I 
I 
tion of seed planted under approximately similar cpnditio
ns reported 
for Saskatchewan ( 12)  in 1946 . The site of Chepil ' s  �ests at S
wif't 
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Current, Saskatchewan , had approximately similar lclimatic conditions to 
those that occurred in South Dakota except for a somewhat l�horter sea­
son and cooler temperatures . 
Seed on the soil surface if' in such a position ,as to be fully 
imbibed with water will be irradiated and thus will oodergJ condi­
tioning for germination. Seed in soil under thin layers df
l
soil will 
I 
probably be affected by irradiation as organic matter transmits the 
middle and far-infrared part of the spectrum and will qe cohditioned 
for germination if there is sufficient soil moisture . 
The surface layers of the soil warm up readily but also 16se 
heat rapidly. Consequently , in the spring and fall mont48 the diurnal 
I 
variation will have a high frequency of maxima around 30° 0. and minima 
I 
around 15° C. which are favorable temperature conditions 
1
for 1 germina-
As the season 
I . 
tio� of freshly-harvested seed or its equivalent. 
advances in the summer the maxima are approximat.ely �5 ° C. at a depth 
of 1 1 cm. but will frequently be subj ected to temperatJ.e exceeqihg 50° 
I 
I 
C .  When the temperature reaches  54° C .  a ring of living t i e eue \ �t the 
I I I I 
soil level will be killed ( 2 ) .  The hypocotyls of .£· at�ense seedlings 
when at a constant 30° c .  for a 2-week period in the laboratory showed 
considerable deterioration. Consequently, some of the se
j
d may germi­
nate dµring periods of high temperature but the seedling may die within 
a few days after emergence. 
I t! . 
'11he soil moisture content is very critical to j ti�e germination o�
 
I I 
the seed during the warmer part of the season. The �emperatures that 
d A t 1 ly resulted in 
1
the induction are prevalent in late July an ugus arge 
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of secondary dorma�cy if the soil was sufficiently high in moisture 
content . During this period the soi l moisture content at the 1-inah 
depth was frequently below the permanent wilting point which is 13 per 
cent a� Brookings, and cons equently during part of this period the soil 
approached an air-dry condition. Seed, when relative 1 humidity drops 
I I �elow 100 per cent , rapidly loses the imbibed water. 1he ef�ect of the 
loss of water on the s eed  will depend on the stage of
1
development 
toward germination. There probably is no adverse effect if , it is in 
the 1 early stages but could be lethal in advanced stages. 
I ' During the warmer part of the season there is an acceleration of 
I 
the drying and remoistening of the soil that is occurr�dg ihroughout j · 
the s eason. The moistening and drying of . the seed can ·condition seed  
in primary and s econdary dormancy but can also result in damage to the 
seed. 
I 
Cold- and light-pretreated seed emerged 10 per cent during a 
2-week period in late May and early June in 1958 at Brookings at a tern-
perature of 26° C .  and soi l moisture content of 25  per cent . There was 
no further germination during the next 10 days, although the tempera­
ture ros e and moisture content increased to 30 per cent. However, 
when, during the next 2 weeks, the moisture content decr��s ed to 9 per 
cent and subsequently increased to 29 per cent there was addit'ional
 1� 
t · t · The effect of these various factors on the seed
 pe� cen germ1na 10n. 
apparently depends on the duration and sequence of the 1ccurrence of · 
these environmental factors. 
The seed under laboratory conditions germinated to
1 
1 a ; arge 
I I 
extent when the 
1 
1 I 
i 
oxygen content was as low as 3 per cent �nd carbon 
dioxide 1 per cent but requ1· ed r an oxygen concentration of 5 per cent 
I I I � 
wh�n the carbon dioxide was increased to 15 per cent . In soil, how-
eve�, the volume of air with which the seed is in contact i� greatiy 
reduced when compared to seed on paper substrate . Wh:er the non-
I 
capillary porosity of soil is 33 per cent (a wel� aerated soil) the 
oxygen content in contact with the seed that is capa�le 1or dif
�sing as 
f 1 
1 1 1 
ree y as in the germinator is only about 7 per cent ( i/3 of normal 
21%) . When the 1/2-inch layer of soil becomes crusted or pulverized 
I 
the oxygen availability to the seed becomes correspondingly reduced . 
I 
The oxygen content of soil air is reduced from the normal 19 per cent 
to 5 per cent when the diameter of the soil aggregates is reduced to 
I 
0 , 5  nnn .  or less (7 ) .  The oxygen availability is rur1th�� rrduced by thd 
d�crease in the rate of diffusion under such conditions . Under moist 
high temperature conditions the oxygen will be rapidly depleted by the 
I 
soil microflora. The carbon dioxide will then be greatly increased . 
Thus even at the 1/2-inch depth in soil anaerobic conditions can �re
l 
, quently prevail . When seed is embedded in a crust th
e oxygen SUP,ply 
will be dependent on that dissolved in the soil solution , 3 1pe
r cent, 
and on the diffusion rate of oxygen in water which is only on
e ten 
thousandth of that in air (9) . In fully imbibed seed w
here the pores . 
I I 
of the ·seedcoat will be filled with water the exc�a
nge of gJses for the 
embryo will be dependent on similar processes. 
1
1 
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In the field, the gr ater the depth, the more nearly constant is 
the temperature and the les s effective i' t i' s 1· n d ' t ' 
I 
con 1 1onin1 s eed for 
germination. As a result of thes d ' t •  ' 
1 
e con 1 ions seed does �ot germinate 
an� enters a state of s econdary dormancy. Th ' d · l ' k  1s ormancy is
l 
1 ely to 
be of the type induced in s eed under laboratory conditibns in soil and 
on paper substrate at a constant 4° C. and 20 ° C. Freshly-harvested 
I I 
and 2-year-old seed in dry storage for two years at room temperature 
at a depth of 6 inches (planted either by man or n
,
atural �eans) was 
I 
-
I 
unable to germinate in the spring months because the temperature did 
I 
not generally reach 30° C. until early August, at the sites studied and 
even l then the range of oscillation may not have been suffici
1
ent to 1 
induce germination. In the case of seed  with induced ' 1ormancy d�
e to a . 
constant low temperature, germination was not inq.uced by an alt·e rnating 
I 
20 - 30° C., consequently such seed would only genni1ate 1
under ,4 1 
narrow range of specific higher temperature condition$ •
1 
I At the 3-inch 
depth the 30° C. temperature was reached at one site in early Julr in 
) , 
1957 . At the other sites and all sites in 19 58 this temperature was 
not reached till August. But, this depth is beyond any extensive emer-
gence of the sprouts.  Seed buried at these depths, trat has passed  
through the conditioning phase in various ways, could gkrirate at the 
temperatures prevalent at 6 inches from June to Septe�ber and at 3 
I I 
inches from May to October but would rarely emerge. However, 
the suit-
1 
able temperatures together with the induction of secondary do
rmancy in 
the seed and possibly low oxygen and high carbon dioxihe co
ncentratioh 
in the soi l air will tend to preserve the embryonic mat
erial for more 
:· ·,,,. _ 
\ . 
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suitable germination conditions in the future . When seed is brought up 
to shallower depths by cultivation operations such as plpwing the Seed 
mfcy' be exposed to conditions allowing the seed to germinate j emerge, 
and develop into a plant. 
I 
I 
' I  
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SUMMARY AND CONCLUSIONS 
This study was carried on in the f 1· e1d, h green ouse, and labora-
tory, simultaneously, to determine the effect of environmental factors, 
in isolation or in combination, on the germinatioh of the seed and the 
, ,  
early stages of development of the seedling. Measurements were made to 
determine some of the characteristics of the environme'nt in the field 
and greenhouse. 
The fruits were collected within the vicinity of B k 0 and ro9 1ngs 
I I 
stored dry at room temperature or at -7 ° C. or less. Mo�t of the 
samples used in the investigations were composite mixt�res. I Four 
replicates of 100 seeds were used in most of the experikents. 
The ages of seed tested for germination ra.nged , from freshly 
I ! 
harvested to 3 years. 
I ' i 
The uptake of w_ater by seed � of different ages and·, storage his-
tory, at temperatures _ of 1 to 30° C. and the loss of imbibe� water w�s 
I I • 
determined .  
I , 
In the laboratory � by means of controlled chambers, tpe germina-
tion of the seed (at constant moisture ) on paper subst�ate at te�pera-
ture regimes of constant and alternating temperatures of var1
iou's 
durations and sequences was investigated. The magnitpde� of coJJtan
t 
I 1 1  
temperature regimes ranged from 4 to 30
° C. The magnitude of alter-
nating temperature regimes ranged from 1 to 50
° C. with durations / from 
2 hours to several weeks and periodicities of one inter
chahge of tem­
peratute during the entire test period to two c
hanges ev�ry 24 hours. 
1 5 3  
The effect of irradiation on the germination of the seed was 
determined with incandescent, whi" te fl t I 1_ , l l uorescen , red, , ,?tl far-itlfrared 
radiation . Untreated and seed pretreated by exposure (moist state) to 
cold of 1 to 4° C. for a week or longer or pretreated at 20 ° c .  �as 
irradiated for periods ranging from 12 hours to 4 days at �emperatures 
of 25 to 35° C .  and tested for germination at temperatures of 20 to 30° 
C .  and alternating temperatures of 15  - 30° C .  and 29 l 30 ° C .  
The oxygen and carbon dioxide concentrations and ta�ios that 
were required in the atmosphere (complete turnover evecy �5 minutes) , 
were , determined, for allowing seed to undergo the conditioning phase 
when treated with light and for allowing germination which ranged from 
. I I 
nil to 70 per cent or more of this light-treated seed at room tempera-
ture . 
I 
The germination of seed ranging in age from 1 to 2 years, 
untreated and pretreated with light or cold and light, in soil, 150 1 
grams per 100 seeds, was investigated at some of the tempera1
1ure 
regimes tested with ·paper substrate, and the moisture content ranged 
from 5 to 25 per cent . 
I 
The germination of seed at room temperature and at greenhouse 
temperatures on paper substrate and in soil on a macro scale, of vfri­
ous ages, untreated and pretreated , was determined . Emergence fro
m 
depth was tested . The temperature-time values prevalent in the
 green-
house 1ri -summer, fall, and spring were determined , 
In the field, untreated and pretreated seed was
1 planted , approx-
11 I . 
imately, every 2 weeks at 4 sites throughout the se
aspn . . _., :>_Measurements 
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of soil temperature at depths of O, 1/2 1 2 3 4 1 6 , , , , , and inche s and 
solar irradiation were made at noon at 
· Soil moisture samples were also taken . 
the time of pl�ting or oftener. 
The frequenci�s and l durations 
I 
of various types of temperature regimes prevalent in soil at shallow 
depths were determined and clas sified. 
The results of investigations on the germination of the seed  
were as follows : 
1. The germination of 2-year-old seed was quite uhiform undei 
most conditions but uniformity decreased with fresher seed. 
2. Seed absorbed water at temperatures from 1 to 30° C. and 
I 
imbibition was · complete at about 50 to 60 per cent . of the air-dry 
I I 
weight in 12 to 48 hours. 
3. The germination of seed at constant tempera�u1es  of 4 j 15, 
and 20° C. was less than 5 per cent on blue blotting paper but was 
about 25  per cent on filt er paper at 20° C. 
4 .  The germination of 2-year-old seed (stored dry at room tem-
1 '  
perature) at a constant 2 5° C. was 3 5  per cent and exceeded 80 per cent 
at 30° C. but was markedly less  for fresher seed (stor�d dry at room � I 
temperature) . 
5. Seed  treated at 30 to 35
° C. for 2 to 3 day� and at 1 to 3
° 
C. for a week and then tested for germination at 20
° C. s�routed  85  per 
cent• or more for 2-year-old but fresher seed  germinated a great dea
l 
less. ·Pretre�tments of 3 days at 40 and 50
° C. of 2-year-old seed  
I t . I 
resulted in sharply reduced germination in proportion wit
h he increas e 
in temperature . 
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6 .  Seed, 2-y_ear-old , pretreated 12 to 24 hours at 30 Ito 350 c . , 
germinated extensively at 20° C .  but was less than that of longer pre-
treatments . Pretreatments of less than 12 hours or 35 to 52° c .  
resulted in less than 56 per cent germination of 2-year-old seed at 
20° C .  but differences in the germination between longer and short�r 
treatments of fresher seed was less and germination was somewhat 
greater for higher temperatures . 
7 .  At alternating temperatures with regular p�riodicities 
I I 
�ynchronised with a solar day the germination of 2-year-old seed was 
I 
low at 15 - 20° C .  and 25 - 40° C .  but exceeded 80 per cent at 15 - 30° 
C .  and 20 - 30° C .  The germination of 1-year-old peed was high at 20 -
30° 1 C .  but that of the freshly-harvested was only 50 per cent . 
8 .  The germination of seed pretreated with irradiation varied 
I 
I I 
directly with the age of the seed and duration and temperature of pre4 
treatment and varied to a lesser extent with temperature of the subse­
quent test . The total germination induced by red was least, more by 
I 
I 
incandescent, and most by far infrared while differ�nces in rate of 
I 
I 
germination were still greater. Seed treated with cqld at l to 3
° C. 
prior to light treatment had a germination which varied directly with I 
age but exceeded 70 per cent for fresh seed . 
9 .  The germination of ( freshly-harvested) seed, _stored at tem-
peratures lower than o° C . ,  was less than 30 per cent at alternating 
I
I 
20 - 30° ·c . and also of seed pretreated at 30 to 35
° C .  for periods of 
12 hours to 3 days germinated at 
per cent at alternating 15 - 30° 
20° 
c .  
c .  
and 
The germinat iori 
when pretreated 
was 30 to 35 
�� 30
° c .  for 
'l 
I , 
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3 days and tested at 15° C .  but the highest germination d f s
j 
obtained by 
a pretreatment at 35° C. for 4 days and test at 200 c .  I . Seed pretreated 
with light at 30 to 35° C .  from 12 hours to 4 days had considerably 
less germination at 20° C .  than seed pretreated at thosr
1 temperatµres 
without light. 
10 • Light-treated seed at room t�mperature ge
1
:nninated 70 per 
cent or more at oxygen concentrations of 3 to 85 per cent then carbon 
dioxide concentrations varied from 1 per cent to a magnitu�e which was 
less  than 4 times as reat as the oxygen concentration . 
11 . The germinat ion of untreated 1- to 2-year-old seed in soil 
1 '  
at a constant 20° C .  was as low as on blotting paper substrate . The 
germination of untreated seed at 30 ° C .  with soil moisture co�tent at � 
10 to 25 per cent was less than 20 per cent but a� the altern�ting 15 -
30° C. and 20 - 30° C .  at 10 to 25 per cent moisture content germina-
tion was 61 to 92 per cent . The germination at moisture contents :rrom 
10 to ·25 per cent varied little at the same temperature o Light-treated 
seed germinated appreciably at 5 per cent moisture at temperature 
r_egimes, constant and alternating, from 15 to 30° C .  The ' germination 
a� 10 to 25 per cent moisture content was extensive but somewhat 
greater at lower average temperatures and at higher moistu're contents . I 
with accelerated temperatures cold- and light-treated seed germin
ated 
less  extensively . The germination at the same moisture conyen
t varied 
with the .temperature, the germination was greater at the l low
er average 
temperature . 
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12 · Drying and remoistening of 2-year-old l see� on paper induced 
65 per cent germination but drying and remoistening of seel
1 
in second­
ary dormancy in soil only induced 35 per cent germination.
1 
Seed in 
secondary dormancy on paper when placed at alternating ' 20 _ 30° c .  did 
I not germinate while seed in secondary dormancy in soil germirated 85 
per cent when placed at alternating 20 - 30° C. 
13 . Germination at room temperature of untreate
1
d sejd on paper 
substrate was quite low while quite extensive at greenhbuse tempera­
tures even for freshly-harvested seed. However, the germination of 
I ! 
seed in soil on a macro scale, of untreated and pretreated, was quite 
" ' 
I I I 
variable but generally_ high . Emergence from depth was variable and the 
i 
maximum was between 3 and 5 cm. The summation of the temperature-time 
I # 
I 
I I 
val�es of temperatures prevalent in the greenhouse in summer and fall 
was equivalent to the alternating 20 - 30° C. I .  
14 . In eastern South Dakota temperature regime9 at the 1/2-inch • 
level in the soil favorable to germination of this seed occurred in 
I 
May, June, and September. Temperatures in April were 1
toq low an� in 
I I I 
July and August too high to result in extensive germination . Germina-
tion occurred in the field when soil moisture content exceeded thf 
wilting point and when temperatures also were favorable. 
'15 . The germination of fall-planted seed was larrely equivalent 
to that of the spring-planted seed . I 
I I I 
16 . The average germination in the field in the ipr�ng of 1958 
I 
(iµ 4 weeks after planting) was between 4 and 11 per cent for pre-
treated seed when rainfall was 50 per cent less than the/_lon
g-term 
average while the germination from mid-June to th ' end � of September 
ranged from 1 to 10 per cent when rainfall was 30 per cent l �ess than 
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normal. The germination of the summer period in 1957 , although rain-
1 
fall was normal and temperatures were equivalent · to 1958, was largely 
of the same order of magnitude but somewhat greater at
1 
the 
1
site with 
lowest average rainfall. The germination of the untreatid ' seed was 
similar in magnitude and period of occurrence . 
17. The average germination in the field of unt�eated and pre-
tre�t-ed seed was generally less than one third of tha� in the laboratory 
and greenhouse a The germination in the field resembled ihat: of ! 
untreated seed in soil at a constant 30° C. with t'he mois�ure level at 
10 to 25 per cent and that of light-treated seed in soil with a mois-
' I I 
ture content of 5 per cent at temperatures constant and alternating of 
15 tb 30° C. 
I . 
The seed of this species is highly permeable to water from the 
I 
time the seed matures till several years of age �der most 
I 
temperature 
conditions at 100 per cent relative humidity . 
I 
I . I ' \ I 
in a!kree with age The seed is thermoperiodic which decreases 
when stored dry .at room temperature but not when stored at temperat
ures 
I 
below o° C .  The magnitudes of the alternating temperaturr required for 
induct1on of germination of seed, when freshly harvested, must be well 
I 
below and above 20° c .  but the range of the diversitl of 
required decreases also with age when stored dry at �obi 
temperature 
�errnoperiodicity requirement for germination may be
 ' replaced by high 
I 
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constant temperature of 30° C. when primary dormancy has b
,
en largely 
lost. 
The most effective type of irradiation treatment is' the far­
infrared irradiation which has the greatest possibilfty of affecting 
surface tissues ; consequently, the probability is high that irradiation 
is affecting the factor responsible for primary dormancy. 
Very extensive germination can be induced in s'eed high in pri­
mary dormancy if sensitized by a low temperature treatment I 1and then 
irradiated with incandescent light . 
The seed can get sufficient oxygen for almost cpmplete germina­
tion at oxygen concentrations as low as 3 per cent when carbon dioxid� 
concentration is at least 1 per cent but less than 4 tfm
i
s l  as great as 
the oxygen concentration and if the oxygen supply is continuously 
renewed . 
. The extent of the elongation of the hypocotyl allows emergence 
tl . J th I d ' only from comparatively shallow depths ; consequen y, since e s·ee is 
thermoperiodic, germination can only be induced when at sh�llow depths 
I 
where the ranges of diurnal temperature oscillations are wite . 
I I I 
In semi-humid climates of north temperate zone suitable tempera-
. ture� for germination of this seed occur largely in May , Junf
, and 1 
September , but germination occurs only when moisture yxceeds t
he 
I 
wilying point. 
In eastern South Dakota when rainfall is as low a
s 50 pe1 1
cent 
I . I 
below normal about 10 per cent of this seed can be e
xpe�ted to germi-
nate in the spring . :· ·..,, 
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Table 1. The Degree-Centigrade-Hour Indices of the Various Temperature �gimes c5f' Germination 
Tests , of f_. arvense Seed, on a Paper Substrate 
-Degree-centi-
Degree-centi- grade-hours -
-· Total degree-
grade-hours - from- 0° c-: to centigrade- Germhration of GerminatiLID of 
from 0°C. to temperatures Total degree- hours in 2-year-old 1-year-o:l:d-
Type o_f_ 20°C. or less greater than centigrade- excess of seed  in per seed in per 
temperature in 20° c. in hours in 20° c. in - cent in cent in 
regime 7 da. 10 da. 7 da . 10 da. 7 da. 10 da . 7 da. 10 da. 7 da . 10 da. 7 da. 10 da. 
20° c .  con- 3360 4800 0 0 3360 4800 0 0 *0 . 0  0. 0 0 . 0  0.0 
stant 
25°C .  con"."" 0 0 4200 6000 4200 6000 840 1200 *26.6 34. 2 
stant 
30°C. con- 0 0 5040 7200 5040 7200 1680 2400 67 . 3  69. 0 47. 3 49. 0 
stant 
30°C .  for 1920 3360 2160 2160 4080 5 520 720 720 54. o Tf . 3  
3 days fol-
lowed by 20°c. 
35°C. for 1920 3360 2520 2 528 4440 5880 1080 1080 82. 4 85 . 5 18. 0 33 . 0  
3 days fol-
lowed by 20°C .  
20° c �  (16 2880 4 320 720 720 3600 4080 240 2 40 63 . 7  71. 5 
-._. . .-hrs . ) and 
.• · ·30°c. ( 8 
hrs.) for 3 
days followed 
by 20°C. 
r' 
0\ 
0\ 
able 1. Continued. 
ype of 
,emperature 
·egime 
l.lternating 
�o ( 8 hrs.) 
md 15 ( 16 
1rs . ) ° C .  
Uternating 
30°c. ( 8 
hrs.) and 
20° c. ( 16 
hrs.) 
Green-
house** 
variable 
,Degree-centi­
- 'grade-hours 
. from 0°C. to 
20° c. or less 
in 
7 da. 10 da . 
1680 2400 
2240 3200 
1725 2464 
alternations 
in soil at 
2 mm. below 
the surface -
!._ Seed - l _l/2 years old. 
Degree-centi-
grade-hours - Total degree-
from 0°C. to centigrade-
temperatures Total degree- hours in 
greater than centigrade- excess of 
20° c. in hours in 20° c. in 
7 da. 10 da. 7 da. 10 da. 7 da. 10 da . 
1680 2400 3360 4800 560 800 
1680 2400 3920 5600 560 800 
2101 3001 3826 5466 501 716 
** Germination dish on surface of soil on greenhouse bench. ---
Germination of Germination of 
2-year-old 1-year-old 
seed in per seed in per 
cent in cent in 
7 da. 10 da. 7 da. 10 da. 
70.8 77 . 5  54.o 61.0 
86.8 89.0 82.2 87.7 
-- -- 65.2 66 . 7 
·-
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Table 2. The Degree-Centigrade-Hour Indices of Temperature Regimes of 
Germination Tests of C .  arvense Seed in Soil  Substra�e at 
20 Per Cent Moisture Content* 
Type of 
temperature 
regime 
20° C. constant 
30° C. constant 
Alternating 
15 (16 hrs. ) 
and 30 ( 8 
hrs.) ° C. 
Alternating 
20 (16 hrs.) 
' and 30 ( 8 
hrs.) ° C. 
Total degree­
centigrade­
hours in 
7 da. 10 da. 
3360 
5040 
3360 
3920 
4800 
7200 
4800 
5600 
* Seed - 2 yrs. old , 1957 , 
Degree­
centigrade-
hours in I 
e❖cess of 20°C. 
in 
7 da. 10 da. 
0 
1680 
560 
560 
0 
2400 
I 800 
800 
Ge:riminat ion in 
pet cent in 
7 da. 10 da. 
o . o  
2.7 
46. 6 
, ,  
34 , 5  
I 
1 1  
I I 
I . 
0.5 
11.0 
55. 0 
52.7 
I 
Table 3. The Seasonal Soil Temperature Trend and Rainfal�. in Eastern 
Site 
I 
Brentford 
J 
Period 
of 
Season 
Late June 
Early July 
Late July 
Early Aug. 
Late Aug. 
Early Sept , 
Late Sept. 
Castlewood Late June 
Early July 
Late July 
Early Aug. 
Late Aug. 
Early Sept . 
Late Sept. 
Gary Late June 
Early July 
Late July 
Early Aug . 
Late Aug . 
Early Sept . 
Late Sept e 
South Dakota in 1957 ! I 
Seasonal Temperature 
in °C. of soil at 
depths of 
6 inches 3 inches 
17. 0 
28.0  
29. 4 
25. 3 
25. 8 
18. 8 
21. 9 
28. 6 
28. 9 
28. 2 
18. 1 
15. 0 
15. 0 
21. 8  
29. 0 
28. 3 
25. 3 
22. 8 
17. 0 
22. 8 
25. 0 
33. 6  
33. 9  
28. 3 
· 30. 5 
19. 7 
25. 9  
34. 8 
33 . 5  
32. 2 
22. 1 
17. 5 
17. 5 
24. 8 
32. 2 
31. 1 
28. 1  
26. 0 
18. 0 
20. 5 
Rainfall during biweekly 
period in i�c?es as 
recorded by nearest 
meteorological station* 
1. 97 
I o. 83 
b � 64 
1. 40 
1. 12 
o. 66 
, o . oo 
I I I 
1. 70 
1. 01 
0. 05 
1 . 43 
2. 56 j 
0. 61 
3. 08 
I 
1 1 , 22 
I 1 t 63 
o . a8 I 
1 1 . 88 
1 . 52
1 0 . 69 
3 , 91 
I .  
* Source of weather stations records : South Dakota Climatological 
Data, Weather Bureau of the United States Departm�n1 of Commerc�. I 
Meteorological stations for the sites were as follows : Brentford,
1 
Conde ; Castlewood , Castlewood ; Brookings, Brookings ; and Gary,
1 
Clear Lake , 
Table 4 .  The Seasonal Soi l Tempe rat ure Trend as Me as ure d &t e. Dept h 0:1 6 ( :-:. �  c� . ) an d  3 ( 4 . 5  cm . )  Inches at 1 r• . n .  i:u · i 
Ra.infal � .:.:i:: Ee.s t e rn ::,01E �1 �eJ<_ .:)t a i. :1 .:. 9 5 3 *  
Period of 
s ea.s 011 
Brent ford 
De"Cths o: 
Early Apr i l  
Lat e Apr:1 
Early May 
Lat e  May 
Early J:me 
Late J-'.lile 
Early July 
Late July 
Early August 
Lat e August 
Early Sept . 
Lat e  Sept . 
Early October 
Lat e October 
- f.q  3"  
9 , 6 
� ' .!. 4 . r) 
l e. . 5 
2 0  • .3 
18 . 5  
20 . 9  
26 . 8 
2 5 .  9 
2 7 . 0  
2 t1 . 9 
2 3 . '7 
18 . 5  
17 , 5 
n . :.i 
19 . 0  
2 ·� . 5 
2 5 . 9 
2 �, .  8 
26 . ::-
29 . 7 
29 . 9  
3.L . 0  
28 . 6  
29 . l  
2 3 .  5 
1 8 . 0  
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wood;  Brookings , Brookings ; and Gary , Clear Lake . Soi l temperB.t ure meas urement s were r:1ade w ith a mercury 
thermometer . 
1--1 
--:J 
0 
• 
Table 5 .  The Average Germination and Emergence i n  a Season of C .  arvense Seed , Cold and Light Treated, at the Seasonal Soil 
Moisture Content Ccmpared to the Departures of Rainfall and Air Temperatures from Long Term Averages in 
Eastern South Dakota 
Precipitation 
April- P . c . 
May of 
long long 
term term 
ave .  ave . 
June-
Sept .  
long 
term 
ave . 
Months 
P . c .  with 
of 20 p . c .  
long or !!!Ore 
term depart-
ave . ure fr-orr 
l . t. .  f..\'e . 
Mean air Ave . s o il 
temperature �oi st �re 
in p . c .  of cc�te�t 
l ong tern i� p . c .  
ave . Ay,1< � - _' ..ti!P 
A;: r . - •. : ..l!-t.'- ; u._;� � 1 -
Site - ... - ·  :�a,,- S en� . _ : ·-: _ _  A:er . -�,Pnt. 1.-.. : • ..:.. 
1957 
Brent- 4 . 30 
ford 
Cas-tle-'-l . 69 
"1ood 
Brook- h . 46 
ings 
Gary -
1958 
Brent- 4 . 30 
ford 
Castle-4 . 69 
wood 
Brook- 4 . 46 
ings 
Gary -
216 . 2  9 , 57 103 . 1  Af , , T 
May+ 
Si:'pt , + 
179 . 0  Jl . 38 lll . t Mr-:,-:+ 
Jur..e -­
J. u ly-
, , ,  � .... r .. .. � .  
Sept . .  -t 
126 . 0  11 . 0 5 74 , 5  Apr . -
- -
97 , 5  9 .5'"( 
57 . o  11 . 38 
47 .o 11 . 0 5 
- -
-
Ma:/+ 
Jn::!..y-­
Auf . ·­
Sep+ . -
71 .  0 ,_Tur,e -
J uly-
Sept . -
7 1 .  3 Apr . -
May-
June-
Aug . -
83 . 5 May-
July+ 
Aug . -
-
9'7 < •,', -j •J , .'. 
) (; . .  \ :J -
./ � 
- .:. · , . _ _} 
� C 3 . ·,] �I 7 . S : ? . t _;, . • l 
lC 3 . 5  9"( . ,J J. l .  5 _ _: .  l 
10 3 . 0 96 . 0  14 . 3  1 '7 . 4 
- - 24 . 3  2 5 .  7 
Average per c e nt g-e:n.nin .9-t. i on ?er cent of 
April- .�u::2 7 S - Season Jcc 1�r:rericE.:  
<: urie 1 5  �-::� �- . 1•� ( A 1,�· . - uf + :::;t'l-J 
i. :  
r ) _  .. ""., . i 1 • ,J._ ,?)'"':11 .; ; :?., ..,. !. .... ·-
n , ,.. l !! 
;,rl : �  • ;. ::..=· : - � - ._r • .. :: ;�-
4 � ... ' S-=· !  .. " 
··---·- ·-·-··2 �•:_:� '__:_�,:1� ' r  �· ·---- --- .. --�J��: -- -----· -- •---- - --· -
i; . � .:.. (j " �:. 
4 . 8  8 .  9 5 .. ,;:,_ 
0 . 0 )L 3 4 .  7 
- ·  
l i�J � : �� • lt 
8 . R 4 . 5  
7 . l 3 . 0  
'"I 
·:� 
9 ' ! . 
7 . 6  
5 C: . ,) 
��· . �- (��� . 6 2 ,  ,y ,_; . ') 
3 . 6 li 3 � 2 2 3 .  L l 4 � 4 
0 . 0  23 . 7  0 , 0  74 , c:  
13 . 7  9 . 3  19 . 9  5 3 .  
• Brookings , September , 1958 - watered 8/10 inch by sprinkler i rrigat ion . 
Rainfall and air temperature information source : South Dakota Climatological Data , Weather Bureau of the United St ates 
Department of Commerce , Meteorological stations for the s ites were as follows : Brent ford , Mellette ; Castlewood , Castle-
wood ; and Brookings , Brookings . L . t . - long term. Ave . - average . P . c .  - per cent . 
j-J 
-..:J 
I-' 
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Table 6 .  Average Soil Temperatures at Various Depths at Four Sites in 
Eastern South Dakota in 1958 I 
Period 
April to 
mid-June 
Mid-June 
to end 
of Sept. 
Site or 
region 
Brentford 
Castlewood 
Gary 
Brentford­
Gary region 
Brookings 
Brentford 
Castlewood 
Gary 
Brentford­
Gary region 
Brookings 
Late April Brookings 
Early May 
Late May 
Early June 
Late June 
Early July 
Late July 
Early August 
Lat Ei August 
Early September 
Late September 
Early October 
Late October 
Soil temperature at a depth of : 
6 inches 3 inches 1/2 inch l-in�h biweekly 
calculated average 
16.2 20.9 
14.1 17.8 
13.7 18. 1 
14. 7 18. 9 
24. o 29. 1 
23.8  29.5 
22.1 ·27.8 
23. 3 28. 8 
26. 8 
27. 8 
26. 3 
27.0 
29.0 
38.0 
37 , 5  
35.5 
37. 0 
40. 1 · 
, 1  
I 
17.1 
?8 .
5 
I 34. 4 
26.5 
3� - 9  
3}. 6 
35. 9 
4 4. 8  
36. 2 
· 
! 29. 4 
2 5 ► 5  
1
�4 � 8 
1
, '1 5.1 
I 
I 
I . 
I 1 ' I I 
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Table 7. Temperature Ranges in the Field at Vari ous,
1 
Dtpths and Period 
1 
Season at Brookihg \ of Occurrence During 
Type of Days of Day to Season 
temperature consecutive day of 
regime Depth · Range · occurrence variation occurrence 
Diurnal 6 inches 1 to 80 C. June and 
Diurnal 3 inches 1 to 15° C e  
July 1p5� -- June and 
· July , 1958 
Diurnal 1/2 inch 5 to 35° c .  June and 
(1 cm. ) July 1958 
Maxima 1/2 inch 30 to 32°C. 3 to 4 days 5° c. July 3 to 5 
(1 cm. ) 1958 
Maxima 1/2 inch 40 to 45° c. 3 to 4 days 5° c. July 28 to I 
�l, 1958 
Note : The series of 3 or 4 days with temperatures with � narrow range 
are frequently followed by groups of temperatures with a wide 
range. 
Table 8 .  The Soii Temperature Gradients in the Field , 19 58 , in Eastern 
South Dakota when the One-Half Inch ( 1 cm. ) Depth 
is Considered Unity 
Tern ·radient for de tbs of : 
Period in. 1 in. 0 in. ( 2mm. ) 
I 
April to 0 . 56 0. 72 o. 86 1. 07 
mid-May I I 
' Mid-May to end - o . 68 o . 87 0. 91 1. 10 
of August 
September 0 . 71 0 . 78 0. 89 
I 1. 15 I 
I 
Ap:rdl to 0. 65 0. 79 o.89 
1. 11 
September 
I 
Table 9 .  Frequency Di stribution of the Proportion of Days in the Biweekly Periods in Which the Maxima* Exceeded Soil  Temperatures that Banged from 5 ° C .  to 60° C .  in the ' 
Field at Brookings, South Dakot a ,  in 19 58  
Per cent of  maximum. temperatures at 3 p . m .  at the 
1/2-inch 1evel that exceeded 
Period 10° c .  15° c .  20° c .  25° c .  30° c .  35 ° C .  4o 0c .  45° c .  
April 16-30 94 80 60 33  20 20 13 7 
May 1-15 100 100 100 100 T3 53 40 7 
May 16-31 .100 100 100 94 914 69 57 25 
June 1-15 100 100 9 3  73 61 47 13 0 
June 16- 30 100 100 100 79 58 29 29 21 
July 1-15 100 100 100 9 3  87 80 33  13  
July 16-31 100 100 100 94 9,4 88 75 50 
Aug . 1-15 100 100 100 100 100 100 100 94  
Aug . 16-31 100 100 100 100 88 81 69 44  
Sept . 1-15 100 100 100 80 80 67 3 3  7 
Sept . 16-30 100 100 94 87 67 40 13 0 
* Soil temperatures at 3 p . m .  at the 1/2-inch ( 1  cm . ) level . 
50 ° c .  
0 
0 
7 
0 
0 
7 
6 
67 
19 
0 
0 
5 5° C .  6o 0c .  
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
40 0 
1 0 
0 0 
0 0 
I-' 
�­
� 
Table 10 . Frequency Di stribution of Diurnal Maximum Soil Temperatures Within the Range of 30 to 40° 
- c .  at the Depth of One-Half Inch in the Field During the Growing Seas on in 19 5 8  at 
Brookings , South Dakota 
Periods 
A
� 
il Maz June Julz August SeEtember 
1 30 1-15 16-31 1-15  16-30 1-15 16-31 1-15 16-31 1-15 16-30 
Days at 30-40° C .  1 6 6 5 1 8 5 0 3 7 11 
Hours at 30-40° C .  10 32 21 42 10 46 32 0 17 4 3  5 0  
Ave . duration in 10 . 0 . 5 . 4  3 . 5 8 . 4  10 . 0  5 . 8 6 . 4  0 . 0 5 . 6 6 . 1  4 . 5  
hrs . /da . at 30-40° C .  
Days at 30-35° C .  0 3 5 3 4 4 2 0 2 3 7 
Hours at 30-35° C .  0 4 14 9 8 8 4 0 7 11 15  
Ave . durat ion in -- 1 . 2  2 . 8  3 . 0  2 . 0 2 . 0 2 . 0  -- 3 . 5 3 . 7  2 . 1  
hrs . /da . at 30-35° C .  
Days at 35-40° C .  1 3 2 5 l 4 2 0 2 5 5 
Hours at 35-40° C .  6 17 3 42 7 21 . 11 0 7 14 19 
Ave . durat ion in 6 . o  5 . 7  o . 8  8 . 4  1 . 0  5 . 3 5. 5 -- 3 . 5  2 . 8  3 . 8 
hrs . /da . at 35-40°C .  
Days at temp . 3 8 10 7 4 8 14 15 12 9 5 
greater. than 35° C .  
Hours at temp . 26 54 84 3 5  . 47 70 132 184 122 5 3  21 
greater than 35° C .  
Ave-. duration in 8 . 7  6 . 8  8. 4 4 . o  11 . 7  8 . 7  9 . 4  12 . 3  10 . 2 _ 5 . 9  4. 2 
hrs . /da . at temp . 
greater than 35° C.  · 
4 Days · at_ temp . - 2  5 9 2 5 - 11 � 11 5 �1 
greater than 40° C .  
--
Hours at temp . 14 24 52 14 33 - 37 79 152 81 - 23  11 
greater than 40° C .  
Ave . durat ion in 7 . 0  4 . 8  5 . 8  1. 0  8 . 2  7. 4 7 . 2  10 . 1  7 . 4  4 . 6  11. 0-
hrs . /  da . at temp..!. 
greater than 40° C .  
V1 
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Table 11 . Frequency of Types of Rainfall During the 1958 keason at 
Brookings, South Dakota, Ranging from Surface W�tting 
to Deep Soil-Infiltrating Rains 
Proportion of Fre9.uenci of occurrence 
total days of Ranges in inches I 
ranges of Period . 10 . 11 . 21 . 51 1 . 01 . 05 . 05 . 08 
precipitation of or to to to or to I to to  
occurring in season less . 20 . 50 1 . 00 more . 1. · . 2 . 23 
April 2 2 3 1 0 2 4 3 
May 5 0 0 0 0 1 0 0 
June 9 4 2 1 ). 2 6 5 
July 2 l 0 4 0 1 2 1 
August 1 3 1 0 0 0 3 3 
Sept. 1 0 0 2 0 1 1 1 
0 
April 25% 2"5% 25% 
25% 
100% 0 
i .  0 0 
Mey 
June 50% 25% 
37% 43% 
July 29% 14% I I 
Table 12. Temperature Ranges and Temperature Averages in Soil a� a 
Depth of One-Half Inch at Intervals During the Day on the 
Bench in the Greenhouse in August and September, I 
1957, . at Brookings, South Dakota 
Dimension 
measured 
and time 
of dcp.y 
Range in 
temperature 
at 
8 a.m. 
1 p.m. 
5 p.m. 
9 p . m. 
Average 
temperature 
at 
8 a . m. 
1 p.m. 
5 p.m. 
9 p.m. 
Average 
daily 
Dates, 1957 : 
August 16-31 
14 to 25 
18 to 46 
19 to 32 
14 to 26 
18.6 
26.8 
25.5 
19.3 
t emperat ure 22 . 7 
September 
1-15 
12 to 16 
2 3  to 34 
21 to 24 
13 .4 
29.8 
23.1 
21.6 
September 
16-30 
11 to 18 
25 to 38 
22 to 28 
16 to 21 
14.1 
30.9 
24.8 
19.0 
22.5 
August 16-
September 30 
11 to �5 
18 to 46 
19 to 32 
1� to 26 
16.4 
28.6 
24.9 
+9. 1  
22 . 5  
, 1  
! I 
I 
I 
I I I .  
177 
I 
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Table 13. I 
I 
Average Biweekly Soil Temperatures on Greenhouse �ench in 
Summer and Fall of 1958* 
Temperature in 
Date of Eeriod De:2th in inches degrees Centigrade 
July 1-15 1/2 (1 cm . ) 27.9 
1 27. 4 
July 16-31 1/2 26. 6 
1 26 . 1  
August 1-15 1/2 37 . 9  
1 35. q 
August 16-31 1/2 I I 29.2 
1 49 � 2 
September 1-15 1/2 25.7 I 
1 24 . 2  
September 16-30 1/2 25 . o  
1 24. 6 
October 1-15 1/2 2
1
5 . 4  
1 26. 2 
October 16-31 1/2 21. 9  
1 20. 8 
November 1-15 1/2 22.1 
1 22. 5 I 
November 16-30 1/2 , 20. 8 
1 19 .0 
at 1 P . m .  which is close to the maximum. * Av�rage of temperatures 
. I 
I 
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Table 14. Salient Features of Seasonal and Diurnal Temperature Regimes 
in the Greenhouse at One Cm. Depth 
Period 
Seasonal 
Diurnal 
Diurnal 
Diwmal 
Calender Soil 
date depth 
1 inch 
and 
1/2 inch 
Temperature, biweekly average 
Time Type Magnitude Features 
Varied with 
seasor, reached 
a peak in . Aug­
ust, and 
decreased to 
room temperature 
' in November 
August 
and 
1/2 inch Daily 
(1 cm. ) 
Average 22. 1°c. Dai+� variation 
that ranged fron: 
14 to 38° C. on 
som.e days to 
only a few 
September 
1957 
August 
and 
September 
1957 
1/2 inch 8 a.m. 
1 p o m. 
lows 
highs 
August 
and 
September 
1957 
3 p.m. maxima 
1/2 inch 1 to 5 p.m. High 
10 p .m. low 
to 7 a . m. 
1 degrees differ-
1 encel on other 
days I 
I I 
A-terage ,differ-
ences between 
'lows� and highs 
11.9 c .  
, Had a peak a fe� 
0 <e. , fair]y 
constant 
I 'j I 
Had a trough of 
a fef 0 c . , 
fairty consta.Ilt 
I I 
I . 
I 1 '  I I 
I .  
18c 
Table 15. Average Differences Between Daily Maximum and Mi�im� Tem­
peratures and Average Differences Between Maxima at Various i l l  
Depths in Soil at Greenhouse Temperatures Durib� l 
I 
August, September , and October, 1957 
Average 
difference Average 
Type of between 
e
ifference 
soil highs and etween 
container Depth lows highs 
Flat 2 nrrn .  below the 12 . 8° c .  4 . 3° c .  
surface I 
I 21 . 70 Flat 1/2 inch 11 . 9 ° c .  c .  
( 1 . 0  cm.) 
Pot 1 inch 2 . 3° c .  
( 2 .  5 cm. ) 
Pot 2 inches 1 . 9
0 c .  
( 5. 0 cm. ) 
1 . 80 
I 
Pot 3 inches c .  
( 7 . 5 cm. ) 
I 
Pot 4 inches 2 . 1
° c .  
( 10 . 0 cm. ) 
I l 
11 · 
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Table 16. The Rel.ationships of Soil Temperatures to One Another at 
Different Periods of the Day and Ratio of Temperatures at 
Different Depths to One Another in the Greenhouse 
Temperature relationships in time 
Time 
Base time being compared Multiple 
I I 
. 7 a. m. 8 a . m. I 1. 19 
3 p. m. 1 p. m. 0. 9 5  
1 p. m. 5 p. m. 1. 01  
Temperature rel'ationships at different depths 
Soil in type of 
container as Soil in type of 
Depths basis for container being - Peripd
J Rat�o compared comparison compared of , tim 
2 mm. Greenhouse July- to , 0. 99 
(surface) flat September, 
to 1 cm. 1957, at 
1 P1 •1m. 
1 inch Greenhouse Pot A1fgust , ,  1 . 1 3 
( 2. 5 cm. ) flat 1957 
I 18: 
Table 17 . The Degree-Centigrade-Hour Indices of Various Temperature 
Regimes* in the Soi l  at the Depth of One-Half Inch in l 
Seven Days Compared to Alternating 20-30° C .  
Degree-
Type of cent �grade-
temperature hours at 
regime at 20° c .  ( with 
depth of 1/2 a base of 
inch (1 cm . )  0° c . )  
Greenhouse 170� 
variable soil 
temperature 
Comparison, 
Alt . 30 ( 8 
hrs . )  -and 
20° c .  (16 
hrs . )  
2240 
Degree-
cent igrade-
hours at Total 
temperatures degree-· 
greater than centigtade-
20° c .  (with hours (with 
a base of a base of 
o 0 c . )  0° c .  � 
2076 3780 
1680 3360 
To1al 
degree-
centigrade-
I hours in 
excess of 
20° c. 
495 
560 
* Temperature regimes consisted of constant and vari�ble greenhouse 
temperatures, in August, 1957 . 
I , 
I . 
I I 
183 
Table 18. The Relative Ratings of Visible Light Compared to Sunlight 
and Effect of Such Light on the Temperature of the Substrate 
Illumination measurements* 
Type of irradiation 
Far infrared (radiant heat, 
incandescent) 
Red light (incandescent) 
White light (incandescent) 
Fluorescent (of alt . 20-30° C . )  
Sunlight, bright 
Temperature measurements** 
Type of irradiation 
Far red, red, white 
Red and white 
Source 
in 
watts 
100 
60 
Relative intensity 
1. 0 
3.0 
22.0 
2.4 
392.9 
Temperature of 
when irradiated 
30 to 31° 
28 to 29° 
I I 
I 
substrate 
c .  
c .  
Change in 
temperature 
5 to 6° c .  
3 to 4° c .  
* Light intensities were measured with a Braun Sixtus II light meter . 
** The incandescent Hght sources of 100 and 60 watts wer� �t heights 
of 30 and 50 cm . above the substrate, respectively . 
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Table 19 . Intensity of Solar Radiation at the Soil Surfape During the Growing Season at Brookings , South Dakota, as Measured by 
Frequencies of Ranges of Solar Irradiance* Between 
12 a . m. and 1 p.m. 
Ranges of relative intensity 
Period of 0-10 11-20 21- 30 31-40 41-50 51-60 61-70 71-80 81�90 91-100 
season Freguencr in per cent 
I 
March 8 8 17 8 17 17 17 8 I 0 0 
April 11 12 11 7 10 . 19 12 11 4 p May 0 0 7 14 22 29 7 14 0 7 
June 27  0 0 0 28 9 0 18 9 9 
July o · 42 0 0 8 17 0 8 17 8 
August 6 0 6 0 2 4  17 18 23 0 
1f September 18 0 0 6 6 12 11 17 18 
· October 21 5 11 11 26 10 0 11 5 0 
* Solar irradiance was measured with a Braun Sixtus II light met�r. 
Measure of bright sunlight on clear day, maximum reading, at noon, 
100, equivalent to a multiple 8 of 100 watt inc�descent 9u1b at 
30 cm. Relative .reading of 100 about 12000 foot candles. Relative 
values for March and April, partly estimated. 
Table 20. Amount of Solar Radiation* in Eastern South Dakota as Mea-
sured by Average Amount of Possible Sunshine buring 
the Growing Season 
Per c�nt of possible Average �k.y cover 
sunshine sunrise to sunset 
Period of 1957 
March 79 
April 75 
May 57 
June 71 
July 83 
August 70 
September 77 
October 41 
April-June 68 
July-August 77 
* Source of data : South Dakota 
1958 1957 1958 
56 6.8 8.1 
62 6.6 7.5 
83 7.0 4.5 
70 6.4 6.2 
71 3 , 9  5.9 
85 5.3 4.o 
79 5 , 1 4.1  
74  7.2 4.5 
72 6.7 6 . 1  
78 4.6 4 . 9  
Climatological Data, Weather Bureau 
of the United States Department of Commerce, of the meteprological 
station at Huron. 
lo 1 t 1 0. vercast· sky. Sky cover legend : 0 - cloudless ; - comp e e Y 
